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More in '74. If you haven't seen that 
motto or heard of the concept, you will, 
because in 1974 ham radio will be pro¬ 
viding a whole new family of services to 
the amateur community, services that will 
help each amateur derive the most enjoy¬ 
ment from his hobby. 

More in '74 means a lot of things to 
ham radio readers, including more editori¬ 
al staff and more specialized publications 
as well as some other exciting new pro¬ 
jects. Since some of these projects are still 
in the embryonic planning stages we can't 
tell you much about them, because the 
final product may be considerably dif¬ 
ferent than the original concept, but 
complete details will be announced as 
soon as they are available and those 
announcements will be well worth wait¬ 
ing for. 

More in '74, among other things, 
means a new editor for ham radio and a 
new role for me as editor-in-chief. How¬ 
ever, a change in editorial staff does not 
mean a shift in editorial policy. Ham 
radio will continue to do what we do 
best, bringing you the latest and best in 
technical articles and construction pro¬ 
jects each and every month. The new 
editor, Joe Schroeder, W9JUV, has been 
an active amateur for more than 25 years 
and is well known to many of you. He's 
been associated with the electronics in¬ 
dustry in one way or another for 20 
years, was the editor of Instrument Digest 
and, more lately, editor of Guns Illus¬ 
trated. Until leaving Chicago recently, he 
was on the Technical Committee of the 
Illinois Repeater Council. Joe is also an 
Honor Roll DXer with more than 340 



countries to his credit and is active on all 
bands from 160 meters to 450 MHz. 
You'll be hearing a lot more from him in 
the future. Between the two of us ham 
radio will be bigger and better than ever. 

More in '74 means a brand-new news¬ 
letter, HR Report, which will keep you 
up to date with late-breaking news from 
the FCC, ARRL and industry sources, 
new DX activities, contest and hamfest 
announcements and up-to-the-minute 
propagation forecasts. The first issue of 
HR Report will be available in early 
January and will be sent out to sub¬ 
scribers twice monthly via airmail after 
that. In addition, special issues will be 
published as events warrant. If you want 
to know what's happening in the amateur 
world, you owe it to yourself to subscribe 
to HR Report The subscription rate in 
the United States and Canada is $12.00 
per year ($15.00 for overseas readers) 
with a guaranteed minimum of 24 issues 
per year. 

More in '74 means a number of other 
new publications including new titles for 
your bookshelf and new operating aids 
for your station. For example, a new 
Novice Radio Guide is presently in pro¬ 
duction and will be available within a few 
months. Volume II of the popular Ham 
Notebook is currently in preparation and 
will be available later this year as will 
several other new titles. 

These are only a few of the highlights 
— more announcements will be made as 
we progress through the year. 

Ham Radio . . . more in '74. 

Jim Fisk, W1DTY 
editor-in-chief 
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Do you find it frustrating to stop typing 
in the middle of an RTTY QSO to 
comply with FCC rule 97.87? This rule 
requires that you, as an RTTY station 
operator, keep your CW key at the ready 
to identify properly. The RATTIine 
RM-100 CW memory is designed to facili¬ 
tate that required CW identification. 

The RM-100 uses an integrated-circuit 
memory to allow automatic CW trans¬ 
mission of a message at the speed of 
approximately ten words per minute. It 
can be connected directly to the RY-170 
AFSK generator described in the De¬ 
cember, 1973, issue of ham radio (see fig. 
1), or to any other keying line compatible 
with the npn open-collector output of the 
RM-100. 


CW memory 
using modern 
read-only memory ICs 
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When you want to identify, a CW 
message such as ". . . de W6LL0" can be 
started locally with a front-panel switch, 
or remotely with a ground control signal. 
While the RM-100 is keying, an LED 
lights to indicate the circuit is busy. 

This article shows how to construct 
the RM-100 CW Memory. Instructions are 
given for programming your own 
memory, or you can purchase one already 
programmed.* The RM-100 circuit can be 

*JTM Associates, P.O. Box 843, Manchester, 
Missouri 63011 ($12.50); Babylon Electronics, 
Carmichael, California 95068 ($15.00). 
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built for under twenty-five dollars using 
the pre-programmed memory, or for 
under twenty if you program the memory 
yourself. 

programming the memory 

At the heart of any automatic message 
generator is a means to store binary 
information. In the past, code wheels 
with cogs, or diode matrices, have been 


The first step when programming is to 
decide what you want the memory to 
say. A Morse code key-down is defined as 
1, while a key-up is 0. Using a pattern as 
shown in fig. 2, mark each of the eight 
rows of 32 memory cells where a Morse 
code key-down is desired. Remember that 
a dot will occupy one memory cell, a 
dash or letter space, three, and a word 
space, four. Ten consecutive key-up cells 


TO TRANSMITTER 
AUDIO INPUT 


RY-170 


RM-IOO 

AFSK 

GENERATOR 


| CW MEMORY 


OUTPUT 


INPUT 


OUTPUT 


START 


TU KEYING INTERFACE 
(OPTIONAL) 
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GROUND TO - 40V- MARK 
+ICNTO +40N- SPACE J 


© 


IN9I4 


[7TI COMPATIBLE KEYING LINE 


+5/OPEN * MARK 
GROUND/LOW - SPACE 


m 



REMOTE 

START 

SWITCH 
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fig. t. RATTIine system interconnection showing RY-1 70 AFSK generator and RM-t 00 CW memory 
wired together with one possible interface circuit to a ST«6 RTTY terminal unit. 


popular as memories. A relatively new 
type of memory is now available to 
amateurs from surplus suppliers. The pro¬ 
grammable-read-only memory integrated 
circuit, abbreviated as PROM, P.ROM, or 
fPROM, depending on the respective 
manufacturer, can be custom pro¬ 
grammed in the field by applying the 
correct voltages to its inputs, following 
the manufacturer's instructions. 

The Signetics 8223 Programmable 
ROM 1C I chose for the RM-100 is the 
easiest to find,* The 8223 is supplied 
with all of its 256 memory cells at a TTL 
logic low or 0. The memory is pro¬ 
grammed by fusing (burning out) micro¬ 
scopic wires in selected cells to generate a 
desired pattern of logic highs, or Is. Once 
the memory has been programmed, the 
stored binary information can be recalled 
from each cell by applying an address 
word to the inputs of the device. 

# JTM Associates, previously foot-noted, or 
Poly Paks, P.O. Box 942, Lynnfield, Massachu¬ 
setts 01940 ($7.95). 


indicate an "end-of-message." Table 1 
lists the letters of the alphabet and 
numbers from 0 to 9 with the required 
number of memory cells for each char¬ 
acter. The CW message can occupy 246 
memory cells after the 10-bit allowance 
has been made for the end-of-message 
code. 

Once you have established the pro¬ 
gram matrix, the following procedure 
should be used with the circuit shown in 

table 1. Memory cells required for letters, 


numbers and 

punctuation. 


A 8 

H 10 

O 14 

V 12 

B 12 

1 6 

P 14 

W 12 

C 14 

J 16 

Q 16 

X 14 

D 10 

K 12 

R 10 

Y 16 

E 4 

L 12 

5 8 

Z 14 

F 12 

M 10 

T 6 


G 12 

N 8 

U 10 


1 20 

6 14 


, 22 

2 18 

7 16 


? 18 

3 16 

8 18 


. 20 

4 14 

9 20 


/ 16 

5 12 

0 22 

end of msg 10 


word space 4 
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00000 + --—---- INPUT ADDRESS -- --- + It 111 

START -► 



fig. 2. CW programming matrix consisting of eight rows of thirty-two memory cells, for a total of 
256. Message shown here is “de W6LLO Palo Alto, Ca.” 


fig. 3 to program your memory.* Be 
careful — you only have one chance to 
correctly program each cell. Once the 
wire in a cell has been fused, it cannot be 
returned to its 0 logic state. If changes are 
required in the message, it is necessary to 


program a replacement integrated circuit. 

programming procedure 

The 8223 ROM 1C is shipped with all 
outputs at logical 0. To write a logical 1 
proceed as follows: 
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fig. 3. Programmer schematic for Signetics 8223 
field-programmable read-only memory. The 
10-/IF capacitor from pin 16 to ground is 
required to eliminate noise from the supply 
line. During programming switch S7 must be in 
position 2 long enough for the 1-^F capacitor 
to discharge to less than 0.5 volt. 


SI single-pole, 9-position switch 

S7 2P3T rotary switch with ground con¬ 

nected to the middle position of the first 
section. As V cc (pin 16) is taken from 5 
volts to 12.5 volts it will momentarily go 
to ground. 
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Inside of RM-100 as viewed from top. Resistor mounted on stand-offs is for LED indicator light. 


1. Start with pin 8 grounded and V cc 
removed from pin 16. 

2. Remove any load from the outputs. 

3. Ground the Chip Enable. 

4. Address the desired location by apply¬ 
ing ground (i.e., 0.4 V maximum) for a 0, 
and +5.0 V (i.e., +2.8 V minimum) for a 
1 at the address input lines. 

5. Apply +12.5 V ±0.5 V to the output to 
be programmed through a 390-ohm, 10% 
resistor. Program one output at a time. 

6. Apply +12.5 V to V cc (pin 16 for 50 
milliseconds to 1 second (maximum) with 
a V cc risetime of 50 microseconds or less. 
If 1.0 second is exceeded, the duty cycle 
should be limited to a maximum of 25%. 
The V cc overshoot should be limited to 
1.0 V maximum. If necessary, a clamping 
circuit should be used. The V cc current 
requirement is 40 mA maximum at +12.5 

’Programming instructions and fig. 3 adapted 
from Signetics Catalog, 1972, page 4-10. 


V. Several fuses can be programmed in 
sequence until 1.0 second of high V cc 
time is accumulated before imposing the 
duty cycle restriction. 

Note: Normal practice in text fixture 










fig. 4. RM-100 CW memory schematic diagram. 


layout should be followed. Lead lengths, 
particularly to the power supply, should 
be as short as possible. A capacitor of 10 
H F minimum, connected from +12.5 V to 
ground, should be located close to the 
unit being programmed. 

7. Remove the programming voltage from 
pin 16. 

8. Open the output. 

9. Proceed to the next output and repeat, 
or change address and repeat procedure. 

10. Continue until the entire bit pattern 
is programmed into your custom 8223 
ROM 1C. 

By now you have obtained a pro¬ 
grammed memory, either by program¬ 
ming it yourself, or by purchasing it 
pre-programmed. Now you are ready to 
use it in the RM-100 circuit. 


circuit description 

The RM-100 CW memory consists of 
clock, divider, memory, data selector and 
end-of-message sense circuitry. The unit 
schematic is shown in fig. 4, and the 
component parts layout is given in fig. 5. 



Rear panel of the RM-100. 
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Photographs of the completed RM-100 
appear throughout this article. 

The clock frequency established by 
timer U6, R3, R4 and C3 determines the 
dot length of the CW output. The code 
speed which results from a Morse dot 
length of 88 milliseconds was chosen, on 
suggestion from W6FFC, to keep the 
receiving RTTY machine in synchronism 


Timer U7 detects when ten cells have 
passed without a keying event. Keying 
dots or dashes from the data selector 
discharges timing capacitor C4, whereas 
the timer is triggered on the trailing edge 
of each dot or dash. If a new keying bit 
does not discharge the capacitor within 
880 milliseconds after the timer has been 
triggered, the timer output will reset the 



fig. 5. Suggested component layout for the RM-100. Dotted lines denote jumpers. 


with the incoming pulses. Instead of 
printing garble, the machine will print 
blanks and Os in a combination which 
depends on the particular letter being 
sent. 

The clock output frequency is divided 
by binary counters U2 and U4. The first 
five outputs from the dividers supply 
counts 0 through 31 to address the 
memory, while the last three outputs are 
used to address the data selector, U5. 

The memory, U3, is read out through 
the data selector, one cell at a time, in the 
order shown in fig. 2. The Q output from 
the selector drives the Jaase of keying 
transistor, Ql, while the Q output is used 
by the end-of-message circuit. 


control flip-flop U1A and U1B, and the 
counters. The RM-100 CW message can 
be started again after the counters have 
been reset. 

The sync output from the memory is 
connected to an open-collector transistor 
switch which turns on for the duration of 
a message. The sync output will be used 
by upcoming RATTIine accessories. 

As with the RY-170, a separate supply 
is required to power the RM-100. A 5 
±0.25 Vdc regulated supply capable of 
150 mA should be used. 

construction 

The RM-100 can be built using per¬ 
forated or printed-circuit board. The cir- 
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fig. 6. Full-size printed-circuit layout (foil side) for the 256-bit CW memory. 


cuit should be placed in an enclosure, 
such as the Ten-Tec JG-5 shown in the 
photographs, to shield against rf. 

An LED, powered from the 5-volt 
supply through a 220-ohm resistor, serves 
as a pilot light. A second LED is turned 
on by U7 when a message is being 
transmitted. A pushbutton switch on the 
front panel, which grounds the start 
control line, is used to trigger the 
memory. 



RM-100 CW memory alongside the RY-170 
AFSK generator. 


The only critical components are the 
capacitors and diode used in the timers. 
High stability, low leakage capacitors 
should be used at C3 and C4 to maintain 
correct timing. A silicon diode is required 
at CR1 so that diode leakage will not 
effect timing in the end-of-message cir¬ 
cuit. 

Bypass capacitors should be used in at 
least two places on the circuit board. 
They should be near integrated circuits 
from V cc to ground to filter transients. 
Molex pins hold the integrated circuits, 
and BNC jacks are used to connect signal 
inputs and outputs. Shielded cables are 
recommended when connecting the 
RM-100 with other parts of your system 
to reduce the possibility that strong rf 
fields will interfere with circuit operation. 

Don't let rule 97.87 get to you! Now 
you can have automatic CW identification 
in your RTTY system with the RM-100 
CW Memory. 

ham radio 
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How to use 
beam power tetrodes 
efficiently and 
economically in the 
grounded-grid, 
grounded-screen 
configuration 
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linear 

With the proper design precautions, c 
power tetrode in a grounded-grid anc 
grounded-screen configuration can pro 
vide more than 13-dB stable, parasitic 
free gain in the high-frequency spectrum 
An old 4-1000A which I use in this 
circuit (see fig. 1) operates at 2-kW PEF 
input when driven by an exciter rated al 
100-watts output. Since power tetrode? 
have very high power gain characteristics 
they require very little drive. Typically, 
the amplification factor of the grid is in 
the order of five to six times that of the 
screen. However, grid dissipation is very 
low and screen dissipation is considerably 
greater. 

For amateur use, however, the high 
gain characteristic of the power tetrode is 
not always an advantage, because few 
amateurs use exciters that operate ef¬ 
ficiently at less than 100-watts output. 
When the 100-watt exciter is used to 
drive a high-gain power amplifier, it must 
be loaded with a power attenuator, which 
wastes valuable power. One commercial 
linear recently offered on the market, for 
example, required a power-wasting 12-dB 
pad. 

The high gain of the power tetrode can 
also lead to other problems, such as vhf 
parasitics which require extensive sup¬ 
pression. Also, a tetrode, grounded- 
filament, class-AB2 linear amplifier re- 
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Cl 25-250 pF air variable, 1000-volt 

working 

C4 500 pF ceramic, 5 kV working 

(Centralab 858S) 

C5,C6,C9 1000 pF ceramic, 5 kV working 

(Centralab 858S) 

C7 10-300 pF vacuum variable, 10 

kV 

C8 1000 pF air variable, 1000 V 

Ll r L2 see table 1 

|_3 t L4 3 turns no. 12, 3/8” diameter, 

with 100-ohm, 2-watt resistor 

L5.L6 1 mH rf choke 

L7 plate rf choke, 1 amp (B&W 

model 800) 

1_8 plate tank assembly (B&W 850A) 


L9 33 turns no, 10 enamelled bifilar 

wound on W 9 ferrite rod, 7” long 

L10,L11 2 l / 2 M no. 18 wire wound around 

1 / 2 ” ferrite rod 

K1 spdt relay, 117-Vac coil 

PCI 20 pF ceramic capacitor {Cen¬ 

tralab 852S) in parallel with four 
470-ohm, 2-watt resistors and 4 
turns no. 12 Vz” diameter, reso¬ 
nated to 110 MHz 

RFC 1,RFC2 30 turns no. 16, closewound on 



Vz” diameter wooden dowel 


SI 

3-pole, 7-position ceramic 

switch 

S2 

1-pole, 6 position switch (part of 


B&W 850A) 


T1 

filament transformer, 7.5 
21 amps 

volts, 


fig. 1. Modified grounded-grid, grounded-screen, beam-tetrode power amplifier, Plate and screen 
power supplies are shown in fig. 3. Grid bias is provided by the zener diode, CR1. 


quires a well regulated grid and screen 
supply. Using two tubes in parallel just 
multiplies the problems. 

In recent years the grounded-grid tri- 
ode has been used extensively as a linear 
amplifier for ssb and CW. Among its 
many advantages are excellent input/out¬ 
put circuit isolation (which means less 
parasitic problems), high power gains (tO 
to 13 dB), possibility of fixed-tuned 


bandpass input circuitry and no require¬ 
ment for a regulated screen supply (or 
any screen supply at all, for that matter). 
Using the grounded-grid circuit, it is very 
easy to build a stable linear amplifier with 
low distortion products which is relative¬ 
ly free from harmonic distortion. 

With all the advantages of grounded- 
grid triode power amplifiers, why even 
bother with a tetrode? Primarily because 
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tetrodes are in abundant supply at ridicu¬ 
lously low prices — the broadcast indus¬ 
try practically gives them away after a 
certain number of operating hours. This is 
less expensive for them than experiencing 
a failure in the middle of an important 
broadcast. There are also a number of 



Rack-mounted linear amplifier includes meters 
for vswr, grid and plate current, and filament, 
grid, screen and plate voltage. Variac-controlled 
power supply is located behind bottom panel. 

power tetrodes available on the surplus 
market. However, if you are selecting a 
tetrode for a linear amplifier, choose one 
with adequate plate dissipation and fila¬ 
ment emission to get the job done proper¬ 
ly- 

Experience has taught me that all is 
not gold that glitters. If the tetrode is 
used with the grid and screen grounded, 
the power gain will be low due to 
degenerative feedthrough power. Addi¬ 


tionally, the grid hogs control of the 
space current while the screen loafs. To 
drive the plate to full output, excessively 
high grid current is required. 

In an effort to cure some of these 
shortcomings, I built an amplifier with 
the grid less than fully grounded. It was 
bypassed with a 500-pF capacitor and the 
dc brought out for metering through an rf 
choke. This simple technique reduced the 
grid current (and increased screen cur¬ 
rent) to an appropriate value, but power 
gain was reduced because the screen is 
not as effective as the grid in controlling 
plate current. There had to be a better 
way! 

the circuit 

Considering the tremendous gain pos¬ 
sible with a conventional grounded- 
filament, class-AB2 tetrode amplifier, I 
thought a hybrid compromise might be 
the answer. That is, to retain the isolation 
provided by the partially grounded grid 
and grounded screen, but to place some 
voltage on the screen to increase trans¬ 
conductance. That is easily managed with 
a grounded screen by biasing the filament 
negative in respect to ground. Thus, the 
screen becomes positive with respect to 
the filament. Unfortunately, so does the 
grid! Placing a zener diode in series with 
the filament return to the minus side of 
the screen supply will provide the grid 
with well-regulated bias for satisfactory 
idling as well as full input plate current. 

However, this is not the complete 
answer. If you look carefully at the 
physical structure of the grid and screen 
of the 4-1000A, you will see that they 
form a sort of basket-woven cavity. When 
a positive voltage is placed on the screen, 
these cavities (with the filament) act as a 
triode oscillator above 100 MHz. By way 
of demonstration, if you ground the grid 
and screen of a 4-1000A and couple a 
grid-dipper to these leads, you will find 
that the screen is resonant at about 120 
MHz. The grid is resonant at about 110 
MHz, an ideal condition for regeneration. 

Under these conditions, the screen is 
inductive in respect to the grid, the 
condition required for in-phase feedback. 
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In fact, a 4-1000A self-oscillates near 110 
MHz, and the 4-400A at about 140MHz. 
A pair of parallel power tetrodes may act 
like a push-pull oscillator, oscillating at a 
frequency that is dependent upon the 
length of their interconnecting leads. 

If the grid is made to resonate higher 
(or the screen to resonate lower), self¬ 
neutralization occurs since the screen is 
capacitive in respect to the grid, pro¬ 
ducing degeneration. This is easily ac¬ 
complished. As noted before, the small 
500-pF bypass capacitor slightly raises 
the resonant frequency of the grid. A 
small inductor in series with the screen 
shifts its natural resonance point below 
that of the grid, resulting in neutraliza¬ 
tion. 

power supply considerations 

If you trace the plate-current path in 
fig. 1, you will find that the plate current 
flows through both the plate and screen 
supplies. Therefore, the screen supply 
must furnish both screen and plate cur¬ 
rent. The screen voltage must also be 
added to the plate voltage when calcula¬ 
ting plate input power (subtract the zener 
voltage drop). It should be obvious, there¬ 
fore, that the screen supply must provide 
very good voltage regulation. 

Using the 4-1000A as an example, 
assuming a plate supply of 3000 volts, a 
screen supply of 300 volts and zener bias 
of 30 volts, the idling plate current will 
be about 125 mA. With 100-watts of 
excitation and a desired plate power 



input of 1 kilowatt, grid current is ap¬ 
proximately 30 mA, screen current is 
about 100 mA, and plate current is 
approximately 300 mA. 

To reduce noise generation while re¬ 
ceiving, some means must be provided for 
completely turning off the power tube 



fig. 2. Operating voltages for the 4-1000A 
power amplifier during transmit and receive. 
Cutoff voltage on receive is provided through 
the contacts of relay K1 (see text). 


when not transmitting. Fig. 1 shows the 
circuit I use to accomplish this. When 
transmitting (relay K1 picked up), the 
grid is minus with respect to the filament 
by the voltage drop of the zener diode. 
When the relay drops out (receive posi¬ 
tion), the filament assumes the positive 
voltage offset from a tap on the screen 
supply bleeder resistor. A grid-filament 
bias of -90 volts is more than enough to 
completely cut off a 4-1000A with the 
plate and screen voltages indicated in fig. 
2 . 

A complete schematic of the plate and 
screen power supplies is shown in fig. 3. 
All supply voltages are brought up to full 
operating levels with a variable trans¬ 
former (Powerstat). The large filter 
capacitors require a lot of current to load 
them to full voltage, and this procedure 
reduces the surge current through the 
silicon diodes. Another Powerstat is used 
with the filament transformer to reduce 
the thermal shock of an instant-on fila¬ 
ment switch. 

The plate and screen power supplies 
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use common protective fuses. This avoids 
the possibility of losing the plate supply 
with the screen supply still on, which 
would surely destroy the screen of the 
4-1000A. The 1-amp slo-blo fuse between 
the grid-bias zener diode and the minus 
side of the screen supply protects against 
overloads, including parasitics. Any exces¬ 
sive dc cathode current will blow the 
fuse, automatically returning the grid- 
filament bias to the cutoff value. 

input network 

Since normal voice waveforms have an 
approximately 3.5:1 peak-to-average 
ratio, this must be considered when com¬ 
puting the input impedance to the 
grounded-grid stage. At 1-kW input total 
required filament emission is 430 mA 
(300 mA plate current + 100 mA screen 
current + 30 mA grid current). With a 
3.5:1 peak-to-average voice ratio, peak 
filament emission is 1.5 amperes (3.5 x 
430 mA). Therefore, filament input im¬ 
pedance is 


Pj^ 100 

I 2 (1.5)2 


100 

2.25 


— 45 ohms 


where Z, is the input impedance, P ( is the 
input (drive) power (100 watts), and I is 
the peak filament current. 

The graphical design of a T-network 
for matching 50-ohm coaxial cable to the 


45-ohm input impedance of the4-1000A 
is shown in fig. 4. 1 In this graphical 
solution, the transfer impedance (Z T ) was 
chosen to be 150 ohms. As can be seen, 
X c " 51 ohms, X L1 = 71 ohms and X L2 
= 69 ohms. The Q of this network is 
approximately 3. Practical network com¬ 
ponent values for each of the high-fre¬ 
quency amateur bands are listed in table 
1 . 

The T-network inductors LI and L2 
are wound on y 2 -inch polyethylene tub- 



fig, 4. Graphical design of the T-network used 
at the input of the power amplifier. 
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ing. Number-14 Formvar is used for the 
80- and 40-meter coils while number-12 
Formvar is used for 10, 15 and 20 meters. 
A Vi-inch wooden dowel is inserted in to 
the tubing during winding to keep the 
tubing from being deformed. 

After the coils are wound, a short 
length of Vi-inch OD ferrite rod (about 
1-inch long) is inserted into the tubing 
and adjusted for the proper inductance 
value given in table 1. By using 5% fixed 
mica capacitors across the inductors and a 
grid dipper to check for resonance, it is 
possible to adjust them very close to their 
required inductance values. When the 
inductors are completed, coil dope is used 
to hold the turns and the ferrite slug in 
place. 

output network 

The output pi network is based on the 
B&W model 850A bandswitching pi- 
network inductor which includes a built- 
in bandswitch. As shown in fig. 1, an 
additional switch contact was added to 
permit the use of a 1000-pF fixed capaci¬ 
tor in parallel with C8 on 75 meters. 

The rear plate of the antenna loading 
capacitor (C8) is used as the common 
ground point for the output circuit. (The 



Rear view of output components of the linear 
showing the 4-1000A and B&W pi-network 
inductor. 


rear plate of the input capacitor. Cl, is 
used as the common ground point for the 
input circuit). Both the input and output 
coaxial cable connections are made at 
their respective common ground point 
and switch. These cables are connected 
directly to the exciter and the vswr bridge 
without any terminations at the chassis. 
This reduces input-output coupling. 


table 1. Component values for input T-network 
described in fig. 3 <X C = 51 ohms, X L1 = 71 


ohms, X |_2 = 

69 ohms). 



frequency 

LI 

L2 

C 

3.60 MHZ 

3.14 flH 

3.05 

865 pF 

3.90 MHz 

2.90 flH 

2.81 /IH 

800 pF 

7.15 MHZ 

1.58/IH 

1.54/iH 

436 pF 

14.20 MHZ 

0.80/iH 

0.77 flH 

220 pF 

21.25 MHZ 

0.53 /JH 

0.52 /iH 

147 pF 

28.80 MHZ 

0.39 /iH 

0.38 fJLH 

108 pF 


summary 

As indicated by the brownish lace 
pattern at the base of the tube envelope, 
the "well-used" 4-1000A broadcast tube I 
am using must have had a zillion hours on 
it when I first got it. It has been in use for 
over three years at my station and is still 
going strong. If it goes out tomorrow, I 
will have had more than my money's 
worth from it and the spare I purchased 
for $5 each. 

Despite the work of building (and 
rebuilding) and debugging the modified 
4-1000A grounded-grid linear it has been 
well worth the effort. My SB-401 exciter 
can drive the final to well over 2000 
-watts PEP without strain, and can loaf 
along at half power and still drive the 
final to a full 1-kW input. When connec¬ 
ted to my five-band antenna system on 
one tower 2 the results are quite gratify¬ 
ing. 

references 
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high-impedance 

meter 

A high accuracy 
meter-interface unit 
for ac and 
dc measurements 
that features up to 
1-million megohms 
input resistance 


interface 
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Making accurate measurements with a 
voltmeter is often difficult because of the 
input resistance of the meter itself. Errors 
due to the loading effect of the voltmeter 
are often nearly impossible to evaluate, 
particularly in transistor circuits where 
the dynamic characteristics of the circuit 
are difficult to accurately analyze. More 
importantly, many of these erroneous 
readings might go unnoticed as you hurry 
to check out a circuit. An accumulation 
of errors here and there often add up to a 
puzzling situation when troubleshooting a 
defective or inoperative circuit. 

The standard vom with 20k V input 
resistance can be a disaster in many 
circuits, either requiring tedious calcula¬ 
tions to correct for its loading, giving 
misleading results to those not complete¬ 
ly familiar with the meter and circuitry or 
simply being useless as a measuring tool. 
Even the heralded vtvm, with its 10- 
megohm input resistance, will cause sig¬ 
nificant errors in many circuits. 
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Having long been troubled by volt¬ 
meter errors due to loading, I have made 
an effort to overcome and eliminate, as 
well as practically possible, this source of 
trouble. First, I decided that some type 
of interfacing unit should be designed to 
be used with existing equipment. Since 
my workshop contains a varied assort¬ 
ment of different types of meters, from 
the very cheapest to more expensive 
laboratory types, it would represent a 
needless waste of rev¬ 
enue to obsolete these. 

Also, the design of the 
interfacing unit would 
be greatly simplified by 
making use of the basic 
structure of these ex¬ 
isting meters. 

Portability, a must, 
dictates battery opera¬ 
tion. To extend battery life and reduce 
operating costs, micropower operation is 
mandatory. The final instrument incor¬ 
porates the basic specifications given in 
table 1. 

circuit 

To achieve extremely high input re¬ 
sistance a special dual fet with exception¬ 
ally low gate-leakage current was chosen 
to form the heart of this instrument (see 
fig. 2). For maximum linearity and ac- 


operating expense and eliminating the 
annoyance of frequent battery replace¬ 
ment. 

The amplifier will handle an input 
voltage, without overload, of somewhat 
over 10 volts. When used within this 
range the input gate of the fet is con¬ 
nected directly to the circuit being meas¬ 
ured. This mode of operation offers the 
highest input resistance obtainable from 
the amplifier. The only loading on the 
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fig. 1. Block diagram of the high-impedance meter-interface unit, 
instrument will solve dc measurement difficulties caused by circuit 
loading. 


circuit being measured is the leakage 
current of the fet gate, this current being 
in the order of 0.2 picoamperes 
(0.0000002 microamps}. Contrast this 
with the 50 microamps that a standard 
vom will draw, or the 0.1 microamps 
drawn by a vtvm when measuring one 
volt full scale. 

For measuring voltages in excess of ten 
volts a resistive voltage divider is neces¬ 
sary to keep the voltage level applied to 
the fet gate within its normal operating 


table 1. Basic specifications of the high-impedance meter interface unit. 


Dc input resistance, 0-10 volts 
Dc input resistance, 10 volts up 
Supply voltage (battery) 

Current drain 
Battery type 
Battery life 
Accuracy, 0-10 volts 
Accuracy,higher ranges 

curacy the fet is combined with a high 
quality operational amplifier. The two are 
connected as a voltage follower with a 
gain of one. One important parameter of 
the op-amp is its very low power con¬ 
sumption. This results in truly low bat¬ 
tery drain for the instrument as a whole, 
greatly prolonging battery life, reducing 


greater than 1-mifhon megohms 
1000 megohms or greater 
±22.5 volts dc 
500 jUA 

Eveready type 412 

295 hours, continuous usage 

0 .1% or better 

depends on accuracy of dividers 

range. This voltage divider necessarily 
reduces the input resistance of the ampli¬ 
fier. To minimize loading on the higher 
ranges a voltage divider with approxi¬ 
mately 1000 megohms total resistance 
was chosen. Unfortunately, this is con¬ 
siderably lower than the intrinsic input 
resistance of the fet, as enjoyed on the 
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Cl 

5-20 pF ceramic trimmer (Erie 
type 503). (Do not use a 
compression-type trimmer 
here.) 

C2 

50-380 pF compression trim¬ 
mer (Elmenco type 465) 

J1 

BNC connector (Amphenol 
UG-657/U) 

R1,R2 

to total 1000 megohms, 1% 
(matched pair) 

R3,R4 

to total 500 megohms, 1% 
(matched pair) 

R5-R9 

values as required for balance 
(see text) 

R10,R11,R12 

to total 33 megohms, 5% 


R13 

2-3 megohm trimmer (Mallory 
26L1 or 26L4) 

R14, R16 

100 ohm, 10% carbon 

R15,R17 

470k, 10% carbon 

R18 

465k, film-type preferable 

R19 

465k, approximately (see 
text) 

R20 

50k, 10-turn potentiometer 

R21 

220 k, 10% carbon 

SI 

2 -pole, 3-position ceramic 
wafer rotary switch 

S2 

3-pole, 3-position ceramic 
wafer rotary switch 

S3 

dpdt toggle switch 


fig. 2. Schematic diagram of the high-impedance meter-interface unit. Three dc ranges are provided; 
10, 30 and 300 volts; ac rms inputs are limited to 70% of dc range. 


zero to 10-volt range, but it is still 100 
times greater than the standard vtvm 
input resistance. 

Although a higher value of resistance 
can be used in the divider network, this 
will cause degraded performance at higher 
operating temperatures. This brings up a 
point about fet gate leakage vs tempera¬ 
ture - the gate leakage increases approxi¬ 
mately 10 times for each 18°F increase in 
temperature. Hence, this instrument 


should be kept cool (room temperature) 
for maximum input resistance on the zero 
to 10-volt range. 

Two voltage regulators are used in the 
battery supply circuit. These were not 
put there because of a great need for 
supply regulation, although the regulation 
will certainly tighten drift specs some, 
but the primary purpose of the regulators 
is to allow use of battery voltage in excess 
of the voltage rating of the op-amp. The 
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absolute maximum supply voltage rating 
of the LM308H op-amp is ±18 volts. 

The closest available battery voltage 
that does not exceed this rating is a 
15-volt unit. Use of a 15-volt supply 
would have placed the operating voltage 
of the amplifier uncomfortably close to 
the desired 10-volt input signal handling 
level. Of course, this 15-volt supply 
would have been the starting voltage of 
the battery and as the battery began to 
"droop" with usage the already uncom¬ 
fortable margin would quickly become 
more narrow. A marginal situation like 
this would contribute to shortened bat¬ 
tery service and danger of overload with 
normal input signal levels. 

The input network consists of a re¬ 
sistive voltage divider with frequency 
compensating capacitors for better ac 
performance (frequency response), 
switching arrangement and blocking ca¬ 
pacitor for ac amplification only, if de¬ 
sired. On the zero to 10-volt ac range the 
two 500-megohm resistors are switched 
from fet gate to ground. This provides the 
necessary dc path to ground for the fet 
gate, which otherwise would not exist 
due to the presence of the dc blocking 
capacitor, C3. 

Resistors of the extremely high values 
used in this divider are not common stock 
items. Their procurement can be a real 
problem through standard channels. All 
of the resistors used here were supplied 
by the Resistance Products Company.* 
This organization specializes in very high 
resistance products and can supply them 
in almost any tolerance desired. The parts 
list describes the type and part number of 
the resistors I used. 

The actual total resistance of the 
resistive divider is not as important as the 
fact that it must be high and that the 
ratio between R1 + R2 and the two 
ground legs must be close to that required 
for the proper division ratio. As used in 
this particular instrument, the voltage 
division ratios are 3:1 for the zero to 
30-volt range and 30:1 for the zero to 

•Resistance Products Company, 914 South 
13th Street, Harrisburg, Pennsylvania 17104. 


300-volt range. This places the ratio 
between R1 + R2 and the two ground 
legs at 2:1 and 29:1. Fora 1000-megohm 
value for R1 + R2 the zero to 30-volt 
ground leg is exactly 500 megohms. For 
the zero to 300-volt range the ground leg 
is 34.48 megohms. 



The high-impedance meter interface instrument 
is built into a cast aluminum box. Bud type 
CU347. 

The following is a general formula 
for figuring the resistance ratios for any 
voltage ratio: 

Resistance ratio = Ein/Eout - 1 

Ground leg resistance = R1 + R2 

Ein 1 
Eout 1 

These simple expressions will allow easy 
computation of resistors required for any 
situation. 

The instrument described here was 
designed to be used primarily with a 
readout meter having scales ending in 10 
and 30. Hence, the ranges of 10, 30 and 
300. For meter scales different than the 
above, the ranges of the interface will 
undoubtedly need to be scaled to match. 

construction 

The instrument is housed in a Bud 
Radio type CU347 cast-aluminum box. A 
good paint job with engraved legends will 
result in a professional appearance. The 
front panel must be drilled to accomo¬ 
date the input jack, function switch, 
balance pot, range switch, power-on tog¬ 
gle switch, battery check jacks and out- 
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put terminals. Care should be exercised 
here to insure that the switches are not 
mounted too close to the edge so as to 
obstruct the case sides. 

The circuit board is mounted on stand¬ 
offs 1.5-inch long. This provides adequate 
clearance between the board and panel- 
mounted items. Location holes for the 
standoff legs fall in the center of the 



Most of the major components of the high- 
impedance interface unit are built on a printed- 
circuit board (see fig. 3). Switches, balance 
control and Jacks are mounted on front panel. 

small round mold marks on the inside 
surface of the front panel. Also, the 
circuit board can be used to dimension 
these holes. High quality Teflon standoff 
terminals were pressed into the circuit 
board to hold R1, R2 and R3. Input wir¬ 
ing was run point-to-point instead of bun¬ 
dling to reduce interwiring capacitance 
and leakage currents. Teflon wire was 
used throughout. Be certain to use only 
ceramic switch wafers on the range and 
function switches. The input jack should 
have a Teflon insulator. 

Extra positions on the circuit board 
accommodate a number of resistors that 
may be connected in series to trim the 
exact value of the ground leg resistors in 
the voltage dividers. If quality resistors 
are purchased all of these positions will 
probably not be used. 

Note. The circuit board contains pads for 
compensation components that are used on 
other types of micro power op-amps other than 
the LM308H shown in the parts list. 


Here are some tips on placement of 
parts. The input gate is not connected to 
a board mounted pad but to a Teflon 
standoff. Room was provided on the 
board to accommodate very long resistors 
for R1 and R2. Some of these may be 
found surplus or purchased as replace¬ 
ments for elements in high-voltage 
probes. If short resistors are used as 
suggested in the parts list the standoffs 
will have to be positioned closer to the 
fet. 

After mounting R1 and R2, C2 may 
be soldered directly to the standoffs 
holding these resistors as shown on the 
parts location diagram. When mounting 
the fet, Q5, be certain to form the leads 
so that they enter the proper pads on the 
board without shorting to each other. If 
the 2N5909 is used as suggested, the legs 
will not fall directly into the proper pads. 

After completion of all wiring, the 
circuit board and all standoffs and switch 
wafers should be thoroughly cleaned with 
alcohol (pure) to remove all trace of 
rosin, fingerprints or other contaminants. 
The high megohm resistors should be 
cleaned also as their value can be signifi¬ 
cantly altered by contaminants on their 
surface. 

checkout 

First, measure battery drain imposed 
on each battery. This current should be 
approximately 0.5 mA. Significantly 
higher currents indicate trouble and 
should be investigated before proceeding. 

The output voltage of the regulators 
should be measured. This voltage level 
will vary but will usually fall between 15 
and 18 volts. If higher than 18 volts, the 
cause should be found and steps taken to 
being it to normal. 

With the function switch in the BAL 
position, check to see if the balance 
control will vary the output + and - by 
approximately the same amount. Normal 
variation is around ±50 millivolts. 

On the 10-volt range, dc input voltages 
both, + and -, should be reproduced 
exactly at the output up to the overload 
point. Overload will normally occur at 
about 1 or 2 volts below the supply 
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voltage. Millivolt differences between in¬ 
put and output can be adjusted to zero 
with the balance control. 

The two higher ranges should be 
checked, and trimmed if necessary, for 
accurate voltage division ratios. This pro¬ 
cedure calls for an accurate and linear 
readout standard. 

Input resistance levels as encountered 


checking the ac characteristics of the 
interface. Stray capacitance plays an im¬ 
portant role in the frequency response of 
the instrument. Consequently, the trim¬ 
mer capacitors Cl and C2 must be adjust¬ 
ed a little at a time and the instrument 
put into its cabinet after each adjustment 
to note the effect. There is no adjustment 
necessary for the 10-volt range. 



fig. 3. Printed-circuit layout for the high-impedance meter-interface unit. 


here are difficult to measure with stan¬ 
dard equipment. A simple check to dem¬ 
onstrate the high input resistance is to 
connect a standard 10-megohm vtvm in 
series with a 10-megohm resistor and 
apply a voltage to the series combination. 
Note the voltage reading on the vtvm; it 
should be approximately half the supply 
voltage. Now, alternately connect and 
disconnect the high-impedance interface 
to the probe of the vtvm while noting the 
change in reading of the vtvm. The 
1000-megohm input resistance of the two 
higher ranges should cause only about a 
1% change in the reading of the vtvm. 
The input resistance of the 10-volt range 
should cause no noticeable variation in 
the vtvm reading. 

An audio oscillator is needed for 


The simplest method of adjustment 
can be accomplished by feeding a 100-Hz 
square wave into the instrument and 
adjusting Cl on the second range for best 
response with the instrument in the cabi¬ 
net. Next, C2 is adjusted with the range 
switch on the highest range for best 
square wave response, with the instru¬ 
ment in the cabinet. Be certain that your 
oscilloscope has sufficient response to 
exactly reproduce the square wave as it 
comes out of the generator. 

If only a sine wave oscillator or a 
60-Hz source is available, the adjustments 
can be made so that exact reproduction 
of the input amplitude occurs at the 
output terminals with the instrument in 
the cabinet. 

ham radio 
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1C logic families 


A rundown on 
popular logic 
circuits, their 
interfaces, and 
compatibility 


The use of the Fairchild juL914, and 
other members of the resistor-transistor 
logic (RTL) family, is well documented in 
the amateur radio periodicals. The Fair- 
child juL900, /iL914, and /iL923 (all from 
the RTL family) were the first digital 
integrated circuits to be offered in low- 
cost epoxy packages. An early article by 
Lancaster 1 pointed the way for many 
other experimenters, and for years RTL 


I 

in 

CNJ 

o 

a> 


CT3 


CO 

o 


<0 

cx. 


c 

0) 


0) 

** 

3 


to 

C 


<o 

CD 

8 

cc 

J3 

w 

a 

c 

<0 

cn 

* 

z 

X 

o 

co 

5 

% 

c 

O 

!S> 


c 

« 

X 


was the most-used logic family among 
hams. A number of other firms rushed 
into production of RTL to "second- 
source” these popular ICs; all but several 
of them dropped out of the competition 
in a year or two. Motorola went Fairchild 
one better — offering an expanded RTL 
family in plastic dual-inline packages 
(DIP). Some of these plastic DIPs are also 
offered as part of the Motorola HEP line, 
which are more easily obtained than most 
other ICs. The HEP line also has RTL ICs 
in the T05 metal can package. 

The following selection guide should 
be helpful when planning your next 
project using ICs. A brief description is 
given of seven popular logic families 
together with information on inter¬ 
changeability and compatibility. Addi¬ 
tional data on device details and applica¬ 
tions is available from the manufacturers 
mentioned. 

RTL logic 

Although RTL is widely used in ham 
circles, and also fairly inexpensive, it has 
some limitations. RTL is a relatively slow 
form of logic. While some members of the 
family are rated up to 8 MHz, the family 
is not usually used above 1 or 2 MHz — 
especially the low-power versions. RTL 
requires a supply voltage of 3.6 Vdc at 
relatively high current. A modest logic 
array of RTL devices can often require 
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several amperes. RTL has poor noise 
immunity, the levet of ripple or transients 
on the power supply bus above which 
false triggering can occur. This low ripple 
limitation, together with the large current 
requirement, can make the power supply 
quite expensive. 

The nice features of RTL, other than 
economy, are the ease of understanding 
and durability in the hands of the begin¬ 
ning electronic logician. As such, it is no 
wonder so many technical people cut 
their teeth on RTL. Fig. 1 shows an RTL 
two-mput gate; it is similar to one-half of 
a /iL914 or HEP584. This circuit could 
also be built of discrete components — 
say a pair of 2N708s, a 470-ohm resistor, 
and two 620-ohm resistors (to use stand¬ 
ard components). 

Operation. If both inputs are grounded 
(or open circuited), no current will flow 
in either transistor, and the output volt¬ 
age level will be at +3.6 V. Now, let input 
1 be raised to +2.2 V. This will forward- 
bias Q1, the 450-ohm load resistor will 
conduct current, and the output voltage 
will drop. Assuming the base-to-emitter 
drop to be 0.6 V, that puts 1.6 V across 
the input resistor: base current = 
1.6V/640 ohms = 2.5 mA, This amount 
of base current is more than enough to 
saturate Q1, and output will drop to 
nearly ground level, say to +0.5 V. If we 
now make input 2 rise to +2.2 V, little 
change in the output will occur. So, if 
input 1 or input 2 is high, the output will 
be low. 
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We will now define high as 1 (or true) 
and low as 0 (or false). Then, looking at 
our RTL gate we can say that if input 1 
or 2 is 1, the output is 0. Since the 
output gives a false output to either of 
two true inputs we must call this gate a 
NOR gate (short for NOT-OR). Similarly, 
an inverter, as shown in fig. 2, is some¬ 
times called a NOT gate. Such a NOT gate 
is contained in a Motorola MC789P, hex 
inverter (there are six in one package). 


♦ 3.SV 



fig. 2. RTL inverter (NOT) gate. 


By combining a NOR and NOT circuit 
we have an OR, as shown in fig. 3A. The 
output is 1 (true) if either input 1 or 2 is 
1 (true). Similarly, by using a NOT gate 
ahead of each of the two inputs to the 
NOR gate, we can form an AND. This is 
shown in fig. 3B. The output is 1 (true) if 
both input 1 and input 2 are 1 (true). 

A NOT gate can be made using a 
two-input NOR gate by simply grounding 
one of the two inputs. Therefore, all of 
the circuits thus far described can be 
constructed using one or more sections of 
/iL914 gates. If one wanted just one 
NOT, NOR, or OR function, the juL914 
would be the least expensive way of im¬ 
plementing it. Similarly, if just one AND 
function is desired, an MC724P is the 
cheapest way to build it. However, in 
larger systems (where a number of 1C 
packages are used) gates are not usually 
used as inverters, since a hex inverter 
costs about the same as a quad two-input 
gate. 

Although they are not usually drawn 
that way in logic diagrams, any of the 
several flip-flops can be made up of gates. 
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Fig. 4 shows how a number of flip-flops 
are made up, along with their usual logic 
circuit symbols. 

Load factor. One of the nice features of 
1C logic is the simple system of fan-in and 
fan-out numbers that most manufacturers 
provide. In RTL, the Fairchild and 


otherwise the transition circuitry can be 
built using discrete components. 

DTL logic 

Historically, diode-transistor logic 
(DTL) comes right behind RTL as an 1C. 
However, DTL was extensively used as a 
logic form in discrete circuitry before ICs 
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fig. 3. RTL OR gate (A) and AND gate (B). 


Motorola fan-in and fan-out numbers are 
compatible. A fan-in of 1 is the loading 
that a low-power gate (juL910, say) puts 
on whatever is driving it. The fan-out is 
the number of such gates (as loads) an 1C 
is capable of driving. For instance, the 
fan-out of a juL910 is 4; it can drive one 
input of another/iL910 plus one input of 
a juL914 (fan-in of 3). 

These load factors apply only within 
the RTL family, however, and more care 
must be exercised when trying to inter¬ 
face RTL with other logic families. This is 
not just an academic problem — say 
getting from an RTL system into a TTL 
system — because field requirements 
often place unlike pieces of apparatus 
together. Fortunately, there are a number 
of family-interface ICs available, and 
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were developed. It is common to find old 
logic systems full of cards of 2N404s and 
1N658s still in use in pieces of discrete 
DTL systems. Of course, all of the com 
ponents on one whole card of such a 
system could be replaced today by one 
1C — less expensively! Such a discrete 
DTL gate is shown in fig. 5. 

/jL 930 family. Usually, when one speaks 
of DTL, the /jL 930 family is meant. 
There are a number of other DTL families 
around, but they are the "losers” in the 
industry-wide acceptance game. Like the 
£(L900 (RTL) series, Fairchild also orig¬ 
inated the/iL930 (DTL) family. 

In the juL930 series, there are no 
round can packages available in plastic, 
although they are fairly common in 





round metal can packages. The round 
metal can package is often referred to as 
T05 because the can size is the same as 
that of a T05 (three lead) transistor. 
While most round metal can ICs have 8, 
10, or 12 leads and so cannot strictly be 
called T05, the T05 can description has 
been widely given to them. DTL is also 


Current-sinking logic. Fig. 6 shows a DTL 
gate {'A of /uL946 or MC846P). Note that 
both inputs are via diodes, which might at 
first look as though they are connected 
backward. Fear not, the diodes are shown 
correctly, because we must draw current 
out of the input when using this sort of 
logic. For this reason DTL is called 




Q 


fig. 4. Flip-flap cir¬ 
cuits. A set-reset 
(RS) type is shown 
in (A); a type D is 
shown in (B). 
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available in the dual inline package (DIP) 
both in plastic and ceramic, and in the 
ceramic flat-pack. 

Amateur DTL users will probably be 
most interested in the plastic DIP form of 
DTL, but often the other styles are 
offered as surplus at low prices. In an 
earlier article, I showed how to use 
surplus flat-pack juL930s and ptL946s in 
an amateur wind-direction indicator. 2 Of 
course, the flat-pack style 1C is not 
limited to DTL; nearly all logic families 
use it for their MIL-spec package. 


current-sinking logic. (We will see that 
some other forms of logic are also current 
sinking as we go on.) 

Unlike RTL, if a DTL gate has its 
inputs left open, the transistors in it are 
conducting, and the output is low or 
zero. Also, for positive logic, a simple 
DTL gate is called a NAND gate. When 
input 1 and input 2 are high (or open) the 
output is low. By following the gate of 
fig. 6 with an inverter (such as 1/6 of an 
MC836P) we create an AND gate, as 
shown in fig. 7. 
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fig. S. A DTL 2-input NAND gate using discrete 
components. 


Similarly, by preceding each input of 
the NAND gate of an inverter, we create 
an OR gate, as in fig. 8. Note that this 
arrangement is just the opposite of the 
way we made the OR and AND functions 
with an RTL-NOR gate. 

TTL logic 

Transistor-transistor logic (TTL or 
T 2 L) is a newer form of current-sinking 
logic. TTL was born in the 1C age and has 
no discrete equivalent. A typical TTL 
two-input gate is shown in fig. 9. Note 
that the input transistor has two emitters. 
Each of these emitters acts much as one 
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of an MC846P OTL gate. 


of the input diodes in a DTL gate to 
control the single input transistor. 

Since TTL is also a current-sinking 
logic, and also operates on V cc = +5 V, 
the logic levels are compatible with DTL, 
In general, TTL is faster than DTL, which 
imposes some restriction on the mixing of 
the two families, but at lower speeds they 
are compatible. 

There are five major TTL families on 
the market today: Texas Instruments 
SN7400N, Sylvania SUHL, Fairchild 
TTjuL9000, Motorola MC3000-4000, and 
Signetics DCL. 

SN7400N and variations. The SN7400N 
line was originally produced by Texas 
Instruments, but most of this line is 
second-sourced by other firms. There are 
about 200 members of the SN7400N 
series, and many more variations. Varia- 


NAND NOT 

AND 


fig. 7. Formation of an AND gate using a 
NAND gate and an inverter. 

tions are SN7400, SN5400N, and 

SN5400. The SN7400N is a plastic dual¬ 
inline package, SN7400 is a ceramic 
flat-pack, SN5400N is a plastic dual-inline 
package with MIL temperature specs, and 
SN5400 is a ceramic flat-pack with MIL 
spec temperature ratings. 

In addition to the plastic dual-inline 
package, if one changes the N to a J at 
the end of the device number, the dual- 
inline package becomes ceramic. Further, 
if one puts an L between the SN74 and 
the next 2 or 3 digits, one gate is a 
lower-power version. If one puts an H in 
that same position, he gets a high speed 
version; and if an S is inserted, the 
ultra-high-speed Schottky version is speci¬ 
fied that will toggle to 100 MHz. This 
method of variation is quite logical and 
creates a large variety from which to 
choose. 

Design considerations. So that the elec 
tronic designer can "shift gears" when 
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adapting older DTL systems to TTL, 
Texas Instruments has devised a dual 
nomenclature system. Thus a quad 2- 
input gate is called both SN7400N and 
SN74-846N, so that the designer knows it 
has pin-for-pin compatibility (in addition 
to logic-level compatibility), which 
enables him to substitute SN7400N logic 
for ^iL930 logic on an etched circuit 
board with no changes (in many cases). 
Further, since Tl also makes the jul-930 
DTL line, a family-to-family fan-in, fan¬ 
out number system is available. 

In general, DTL can drive 8 DTL loads 
or 5 TTL loads; TTL can drive 10 TTL 
loads or 10 DTL loads. The DTL equiva¬ 
lent of the SN7400N, SN74-846N is 
(sensibly) the SN15-846N, for instance, if 
one is specifying Tl parts. The L, H, and 
S versions of the SN7400N family (low 
power, high speed, and Schottky- 
clamped, respectively) are not as numer¬ 
ous as the standard series units, nor are 
they widely second-sourced. 

In general, all the TTL families are 
compatible with each other (and with 
DTL). Details and pin arrangement are 
the biggest differences, but then details 
must be observed even when one is 
designing within one logic family. 

HTL logic 

A special variety of DTL used with 
higher supply voltage than the jitL930 
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fig. 9. Typical 2-input TTL NAND gate con¬ 
sisting of V4 of an SN7400N. 



fig. 8. NAND gate inputs preceded by inverters 
equals an OR gate. 


DTL is HTL (high-threshold logic). This 
family is, strictly speaking, offered only 
by Motorola, but HNIL (high-noise im¬ 
munity logic) by Amelco Teledyne is 
essentially the same, as is HLLDTjuL 
(high logic level diode-transistor micro¬ 
logic) by Fairchild. These families all have 
the standard multiple diode inputs of 
DTL as shown in fig. 10. 

Comparing fig. 10 with fig. 6, we see 
the really important difference between 
these two DTL forms: the diode coupling 
Q1 and Q2 in fig. 6 is replaced by a zener 
in fig. 10. This causes the HTL to have a 
much larger noise immunity. For this 
reason, HTL is often used in systems that 
contain electrically noisy components 
like relays and brush-type motors. 

If we stick to V of 12 to 15 volts, all 

C C 

these high-level families are compatible. 
The HNIL line will not operate above +15 
V, however, as will the Motorola and 
Fairchild versions. All these HTL families 
have interface units available. Amelco and 
Motorola level-shift units will interface 
(either way) with DTL/TTL or RTL. The 
Fairchild level-shift units will interface 
only with DTL/TTL (either way). 

ECL logic 

Emitter-coupled logic (ECL) is the 
only bipolar 1C logic form that does not 
use transistors that flip between the 
nonconducting and saturated states. This 
non saturated logic, also referred to as 
current mode logic, was pioneered by 
Motorola. Motorola has produced four 
series of MECL (Motorola emitter- 
coupled logic): MECL I, MECL 11, MECL 
III, and MECL 10,000. MECL I operated 
at speeds up to 30 MHz, MECL II 
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operated at speeds up to 120 MHz, MECL 
III operates up to 350 MHz, and MECL 
10,000 has lower power consumption but 
speed similar to MECL II and IH. MECL I 
and II are second-sourced by Stewart 
Warner in pin-for-pin equivalents. RCA, 
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Fairchild, and Texas Instruments also 
offer their own lines of ECL, which have 
logic levels compatible with the Motorola 
family. 

The curious thing about ECL is that 
the V cc lead is usually grounded and the 
V ee lead operated at -5.2 volts, yet ECL 
uses positive logic. Having the ECL units 
operating below ground makes ECL and 
other logic families awkward to operate 
together, because of the requirements for 
both positive and negative power 
supplies. 

There are several logic-level translators 
available to interface ECL and DTL/TTL. 
MECL I has the single translators MC317 
and MC318; MECL II has the single-level 
translators MC1017 and MC1018 plus the 
quad translator (MECL to DTL/TTL 
only) MCI039. There are no MECL III 
translators because there are no saturated 
1C logic families that can operate at 
speeds above about 100 MHz. 

An ECL gate is shown in fig. 11; note 
R , the emitter resistor, from which the 
logic derives its name. The basic ECL gate 
is a differential amplifier, with the base of 
Q2 referenced to -1.15 volts. Since this 
differential pair is used in logic applica¬ 
tions, either Q1 or Q2 is on. Since ECL 


uses positive logic (as do the other logic 
families we've already looked at), 1 = 
-0.075 V and 0 = -1.55 V. If either Q1 or 
Q1' are in the 0 condition, then RC2 
draws all the current. In either case, the 
total current drawn by the pair is nearly 
constant. 

Since there are two outputs in oppo¬ 
site states, this form of logic gate offers 
both NOR and OR functions as a basic 
part of its circuit. This feature is quite 
useful and can save the addition of extra 
inverters. 

As seen in fig. 11, each output has an 
emitter follower built in to provide better 
fan-out. The typical fan-out of ECL is 15, 
which is considerably larger than most 
other logic families. Because fan-out from 
standard ECL units is so large, no buffer 
gates are offered. Fig. 12 shows a Moto¬ 
rola MC306G in combination with a 
Motorola MC304G bias driver. The bias 
driver is simply a source of regulated 
reference voltage. 

In the MECL II, III, and 10,000 lines, 
the bias driver is built into the gate chip, 
so no external source of V bb is needed. 
Also, since the bias driver is built in, and 
the units are available in a plastic DIP, 
MECL II is generally less expensive than 
MECL I. 

MOS logic 

Another category of 1C logic is the 
metal-oxide semiconductor (MOS). I 
avoid calling MOS a family, because no 
one company's MOS catalog has an 
industry-wide acceptance. The result of 
the absence of a dominant MOS logic 
family is chaotic — every company has its 
own particular idea as to what process 
makes the best chips. 

There are some general things that can 
be said about the various MOS ICs, 
however. Most of them operate on a 
negative V dd of -10 V to -40 V, therefore 
having negative logic (where 0 = 0 volts 
and 1 = a more negative voltage). They 
are generally slower than bipolar ICs and 
are well adapted to large-scale integration 
(LSI) because of the ease of getting a 
large number of MOS circuits per unit 
area on the chip. 
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Because MOS is so welt adapted to 
LSI, wherein we are talking of hundreds 
or thousands of gate sections per chip, and 
because no dominant MOS family has 
emerged, we find that MOS is mostly 
available as large arrays, such as 
memories. A few companies, like Fair- 
child, offer individual logic circuits such 
as 3-input gates, 5-input gates, and dual 
flip-flops as building blocks. That is, these 
building blocks are offered specifically 


fig. 11. Emitter-coupled logic 
(ECL) gate. 



for the engineer who is mocking up a 
breadboard for a custom-made array. 

One reason MOS offers such ease of 
LSI construction is that all the elements 
on the chip are tiny fets. Some are used 
as resistors and some as fets, but all are 
similar types. As an example, fig. 13 
shows a Fairchild 3102 three-input gate 
and how it can be used as a NOR gate, 
NAND gate, or how two units can form 
an RST (set-reset) flip-flop. The cost of 
the 3102 is $6.00 compared with an 
SN7410N triple 3-input gate at $0.60 
(TI-TTL). It's no wonder MOS isn't used 
for small logic systems, since the cost per 
gate is quite high. However, in an LSI 
array the cost per gate can drop to 
pennies in production quantities. 

CMOS logic 

A new type of MOS logic that's 
gaining industry-wide acceptance is com¬ 
plementary MOS (CMOS). While conven¬ 
tional MOS logic owes its existence to the 
fact that many gates can be placed on one 
small chip, CMOS doesn't offer this ad¬ 
vantage to as large a degree. The main 
selling point of CMOS is that it offers 
nearly zero standby power, the power 
drawn when the logic is in the 1 or 0 
state. CMOS essentially draws current 
only during a transition from a 1 to a 0 or 
vice versa. 

So, for logic systems that require low 


power, especially when fairly low data 
rates are to be handled, CMOS is very 
attractive. RCA was first to offer CMOS 
units, but now Motorola and others are 
also in the business, and the prices of 
these very fine logic ICs are likely to 
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approach those of TTL as volume use 
develops. 

CMOS operates on +5 to +15 V, as 
opposed to MOS, which operates on 
generally larger negative voltages. The +5 
to +15 V supply voltage means that it's a 
simple task to interface CMOS with DTL, 
TTL, or HTL. 

Fig. 14 shows a CMOS gate; note that 
it has in it both P-channel and N-channel 
mosfets. Like conventional MOS logic, 
the mosfets in CMOS logic are enhance¬ 
ment-mode types. This means they are 
like zero-bias triodes; they are non¬ 
conducting until the gate (grid) is forward 
biased. Enhancement-mode N-channel 
mosfets have been almost nonexistent as 
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fig. 12. The MC304G bias driver provides a 
regulated reference voltage source for an MECL 
I gate. 
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discrete devices, which is probably why 
CMOS has become available only re¬ 
cently — i.e., a whole new MOS tech¬ 
nology has had to be developed. 

conclusion 

We have looked at a number of logic 
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been made in reference to ICs specifically 
made for family interfacing. The inter¬ 
facing of RTL with DTL or TTL is fairly 
easy. My own preference is to use a 
juL900 (RTL buffer) to drive DTL or 
TTL from RTL. Driving RTL from DTL 
or TTL is usually direct; most DTL or 
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fig. 13. Fairchild 3102 3-input gate (A). A NOR gate, NAND gate, and RST flip-flop are shown in 
(B), (C) and (D). 


families I feel are either common enough 
or inexpensive enough that amateurs will 
be likely to use them. There certainly are 
other logic families, which have been left 
out, because my intent was to present 
only the mainstream of 1C logic; not the 
rare, expensive, or unique. 

One often perplexing problem re¬ 
mains: that of interfacing logic families. 
Some comments on this have already 
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TTL gates will provide enough voltage 
output to drive an RTL 1C. 

Interfacing ECL and DTL/TTL has 
been mentioned in the discussion or ECL. 
As expected, the same interface ICs that 
drive DTL/TTL from ECL are also useful 
to drive RTL from ECL. The usual case is 
not to drive ECL from the lower-speed 
logic families (RTL, DTL, and TTL). The 
units that drive DTL/TTL and RTL from 



ECL are MC31 7. MC1018, and MC1039. 
An example of the use of the MCI018 to 
convert between ECL and RTL is shown 
in reference 3. 

There is even a readily available way to 
interface ECL and HTL. Motorola out¬ 
lined this method at the 1969 series of 
digital integrated circuit seminars, using 
the MCI580. The method is shown in fig. 
15. 

The directly available DTL/TTL to 
HTL and RTL to HTL interface ICshave 
been mentioned in the discussion on 
HTL. These interface ICs can also be 
useful to drive some types of digital 
readout devices from RTL, DTL, or 
TTL. 4 

As pointed out in the discussion on 
MOS, there is no dominant MOS family 
yet; and so the interfacing of MOS with 
other logic forms is equally obscure — if 
not more so! In most cases the so-called 
bipolar-to-MOS interface circuits con¬ 
centrate on converting the magnitude of 
shift from 0 to 1 and ignore the absolute 
values. This usually means that one ends 
up with the V ss of the MOS portion of 



fig. 14. Complementary metal oxide semi¬ 
conductor device (CMOS) 2-input NOR gate. 


the circuit operating at +5 volts (when 
interfacing MOS and TTL) instead of at 
ground. 

The interface may be constructed of 
discrete components as in reference 5. 
Several companies offer hybrid ICs that 
are quite similar to discrete-wired inter¬ 


face circuits, which are quite expensive 
compared to monolithic ICs. 6 ' 7 Fairchild 
has a pair of ICs available that convert 
nicely from TTL/DTL to MOS or MOS to 
TTL/DTL; these are respectively 9624 
and 9625. Texas Instruments also makes 
a rather versatile 1C called the SN75450, 



fig. IS. Interfacing MECL and HTL logic using 
an MC1S80L. 

which will interface MOS with TTL or 
vice versa. It requires a few external 
components, but it is very flexible. 8 

We've covered RTL, DTL, TTL, ECL. 
HTL, MOS, and CMOS families of 1C 
logic in a sort of whirlwind fashion. Many 
logic ICs may also be used in circuits that 
are, strictly speaking, not logic functions, 
such as crystal oscillators. Many of the 
companies point up these uses in their 
data sheets, application notes, and hand¬ 
books. 
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This article describes a compact package 
containing a low-power two-meter fm 
transmitter and a double-conversion, con¬ 
tinuous-tuning fm receiver suitable for 
either fixed or mobile use. Although this 
description is primarily directed at the 
homebrew builder who balks at the cost 
of commercial equipment but lacks the 
time to develop his own design, the unit 
also includes several features which can 
be worked into different designs. The 
entire package, including everything but 
the power supply, is housed in a cabinet 
which is small enough to be accom¬ 
modated in any automobile. 

transmitter 

Because this project is a combination 
of a previously described transmitter 
and an original receiver, design of the 
transmitter will be discussed first, and 
only with regard to certain minor changes 
and its performance. The transmitter is 
the Pip-Squeak, Mk II, described by 
W1CER. 1 The complete schematic is 
shown in fig. 1 for reference to the 
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LI 

5 turns no. 16 tinned bus wire, 
V4” ID, 5/8" long, tapped at 2Va 
turns 

L5 

5 turns no. 16 tinned bus wire, 
5/16" ID, W* long 

L2 

3 turns no. 16 tinned bus wire, 
V4 m ID, 3/8” long, tapped Va turn 
from C13 end 

RFC6 

RFC9 

RFC7 

4 Amidon ferrite beads on 1 / 2 ” 
length of no. 24 wire 

3 Amidon ferrite beads on 1 / 2 " 

L3 

4 turns no. 22 enamelled wire, 
closewound, W ID 

RFC8 

length of no. 24 wire 

L4 

25 turns no. 28, closewound on 
body of 100k, 1-watt resistor 

Y1,Y2 

18-MHz crystal ground for 20-pF 
load capacitance 


fig. 1. Schematic for the two-meter fm transmitter. Transistors Q4, Q5 and Q6 are part of an RCA 
CA3018 1C. 


changes mentioned above. In this circuit 
transistors Q4, Q5 and Q6 are part of an 
RCA CA3018 1C. Two 1N914 diodes 
should be used for symmetrical clipping 
rather than using the emitter-base junc¬ 
tions of transistors within the CA3018 
1C. 

When building the unit, RFC5 and 
RFC9 should be placed on the foil side of 


the PC board. Emitter resistor R7 should 
consist of two %-watt resistors in parallel, 
dressed flat against the board for best 
stability. For further construction details, 
refer to the original article. 

With these simple circuit changes, per¬ 
formance was easily duplicated in another 
transmitter which I built for a friend. The 
power output with a 12-volt power sup- 
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L1,L2 

5 turns no, 20, V 4 ” iD, V 2 ” long 

L8 

14 turns no. 32 closewound on 

L3,L4 

23 turns no, 30, closewound on 
0.219” ceramic form (no slug), 


13/32” slug-tuned ceramic form 
(Millen 69041) 


V 4 ,# between windings 

L9 

2 turns no. 30 wound over cold 

L5 

38 turns no. 30 wound on 0.375” 


end of L6 


toroid core 

L10,L11, 

28 to 60 jUH (J.W. Miller 9054) 

L6 

11 turns no. 28, closewound on 
0,219” ceramic form 

L12,L13, 

L14 


L7 

6 turns no. 20, l /4” ID, V 2 ” long 

RFC12 

2 ferrite beads 


fig, 2. Tunable, continuous-coverage receiver for two-meter fm. 
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ply is about 114 watts. This is sufficient to 
reliably trigger a local repeater from the 
mobile 10 miles away. 

While the transmitter shown in the 
photographs uses only two crystals oper¬ 
ated by a slide switch, it would be equally 
satisfactory to omit the crystal sockets on 
the PC board and replace the slide switch 
with a single external socket for use with 
any crystal you wish. Tuning can be 
compromised to use crystals whose two- 
meter outputs are 1 MHz apart. 


The receiver input stage, consisting of 
transistors Q1 and Q2, is a cascode 
amplifier using fets. This circuit is par¬ 
ticularly satisfactory in that it is not 
critical as to component values, other 
than the input and output inductors, it is 
completely stable and gives a voltage gain 
of 20 to 25 dB. The inductor shields, not 
intended to be helical resonators, are 
thin-wall brass tubes with 6-32 nuts sol¬ 
dered to the tops to permit using 3/16- 
inch tuning slugs for trimming to frequen- 
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Construction of the two-meter package. The transmitter section is mounted along the rear wall 
of the enclosure (bottom). The tunable receiver is laid out on perf board and mounted toward 
the front of the chassis (top). Transmit/receive relay is to the right. 


cy. The tubes themselves are secured by 
wire pins, passing through the PC board 
and soldered to the foil side beneath. 

The PC board is a standard Vector 
product, pre-punched in a rectangular 
grid of 0 . 10 -inch spacing between holes, 
coated with 2 -ounce copper foil on one 
side. This board is comparatively inexpen¬ 
sive and lends itself to circuit carving with 
high speed hand tools such as those made 
by Dreml, Casco, etc. The only drawback 
is that the board is only 6 V 2 -inches long, 
which required patching on the additional 
length required. The attractive feature of 
this type of PC board is that parts may be 
laid out on the top surface, adjusted to 
existing holes, interferences resolved and 
the necessary circuitry drawn in pencil 
first and then transferred to the foil side 
for engraving. 

Returning to the circuitry, I decided 
that the second i-f should be somewhere 
near the top of the broadcast band for 


reasons which will be discussed later. 
Since I had also decided that continuous 
tuning of the entire two-meter band was 
desirable and practical, it quickly became 
apparent that 500-kHz segments would 
be a reasonable target if a medium high 
first i-f frequency were chosen. 

In order that no harmonics of the 
second conversion oscillator fall into the 
two-meter band, it develops that the 
lowest tuning range of the second conver¬ 
sion oscillator must be in the 11.385 to 
12.000-MHz range (13th harmonic of 
11.385 MHz = 148 MHz, 12th harmonic 
of 12.000 MHz = 144 MHz). If the 
second oscillator is set to cover 11.440 to 
11.940 MHz, the median frequency is 
11.690 MHz. Subtracting the second i-f 
gives a median frequency of 10.230 MHz 
for the first i-f. Therefore, the first i-f 
bandpass range is 9.980 to 10.480 MHz 
which is comfortably clear of the com¬ 
mercial fm tuners i-f of 10.7 MHz. 
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This juggling of frequencies does not 
come by divine inspiration or revelation 
but happily turns out to be an acceptable 
solution which does not require extreme 
measures in the way of second oscillator 
stabilization. 

With the first i-f established at 10.230 
MHz and covering plus and minus 250 
kHz, you can pick the frequencies for 
your crystals for the first conversion 
oscillators. For example, if you want to 
cover the band from 147.00 to 147.50 
MHz, take the median frequency of 
147.250, subtract the median i-f frequen¬ 
cy of 10.230 MHz to get the first 
oscillator injection frequency of 137.020 
MHz. This means you must order a 
third-overtone 47.673-MHz crystal and 
triple that to feed into the first mixer. 

The first oscillator circuit is conven¬ 
tional, with its collector tuned to the 
third overtone of the crystal and driving 
the base of a second transistor operating 
as a tripler. Using a second transistor gives 
a cleaner injection signal and insures 
adequate drive for the mixer. The dual¬ 
gate mosfet mixer is greatly preferred 
over plain fet mixers with regard to 
overall performance and the amount of 
drive required. Tuning the oscillator trip¬ 
ler circuit permits establishing the opti¬ 
mum amount of required injection drive, 
and the mixer output can be significantly 
improved by such tuning. 

The first mixer feeds the second mixer 
input through a pair of bandpass circuits. 
The second mixer is also a mosfet. Its 
output is tuned to the second i-f frequen¬ 
cy of 1460 kHz. The output impedance is 
stepped down by a capacitive divider to 
match the low input impedance of the 
CA3028A 1C. Drive to the CA3028A is 
applied through a series tuned circuit 
which provides the desired low im¬ 
pedance drive and also discriminates 
against any first i-f and second oscillator 
signals appearing in the second mixer 
drain circuit. 

variable oscillator 

The second oscillator, covering the 
tuning range of 11.440 to 11.940 MHz, 
was one of the major hurdles of the 


whole design. Capacitance tuning was 
tried, rather pessimistically, and I was not 
disappointed. As expected, it was noisy, 
tuning was much too critical and the 
capacitor occupied too much space. Next, 
I tried slug tuning the inductor with 
various slugs, both powdered iron and 
ferrite. This eliminated the noise but, 
with any reasonably compact coil, would 
not cover the desired tuning range. 

Finally, a small Millen coil from the 
junk box was tried. This is a ceramic coil, 
13/32-inch in diameter, Vz-inch long with 
a threaded mounting boss, and tuned 
with a silver-plated slug, the threaded 
screw of which projects through the 
mounting boss (Millen part number 
69041). 

This coil form turned out to be a 
prime solution to the tuning problem. 
The required 500 kHz can be tuned in 
three turns, which gives adequate spread, 
and if the slug is properly positioned in 
the winding, tuning is nearly linear. (This 
is with the external 1-inch aluminum 
shield shown in the photographs. Without 
the shield, the tuning rate is much faster.) 
As indicated in the schematic, the col¬ 
lector voltage of this oscillator is zener 
regulated, using the base-emitter junction 
of a 2N3392 which regulates at 8.6 volts. 

The maximum drift of the entire 
receiver, after two hours operation, is less 
than 20 kHz, i.e., tO units on a 100 unit 
dial. How much of this is attributable to 
the tunable oscillator I don't know, and 
quite frankly, don't care. The tuning is 
smooth, absolutely noiseless and perfect¬ 
ly retraceable. The slug travel is estab¬ 
lished by the mechanical limit in the coil 
form at one end, and by positioning and 
locking a %-inch bakelite rod threaded on 
the slug screw. The tuning dial is on the 
bakelite rod. 

The 1460-kHz output of the second 
mixer drives a CA3028A in cascode con¬ 
figuration strictly for gain purposes, 
which in turn feeds a 4-pole filter for 
high selectivity. This filter consists of 
four Miller pot-core miniature rf induc¬ 
tors. These inductors are available in a 
series of ranges, the type 9054 being the 
most suitable. The aluminum shields on 
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these inductors must be removed to 
connect a miniature ceramic capacitor 
across the winding to provide a shielded 
tunable circuit. The shields must, of 
course, be replaced. This requires some 
study and care in handling. If the Miller 
9054 is not available, other inductors can 
be used with appropriate size capacitors 
to insure that they can be tuned to the 
1460-kHz i-f. 

detection and audio output 

From the above filter the signal goes 
to the CA3089 1C. This 1C has been both 
touted and castigated. It is a multi¬ 
purpose device of great potential, but is 
extremely intolerant of careless circuit 
board layout. Briefly, it can provide hard 
limiting for fm purposes, considerable 
gain, age, afe, quadrature fm detection, 
audio output and — a violent headache. It 
also has a squelch output and provision 
for driving a tuning meter. The squelch 
output is very effective in handling igni¬ 
tion noise when operating mobile. Con¬ 
siderable information, in detail, on the 
CA3089 is available on request from 
RCA. It is recommended that anyone 
contemplating using this 1C take advan¬ 
tage of this material. 

While the CA3089 was developed for 
commercial fm reception, it seemed the 
better part of valor not to attempt using 
it at the 10.7-MHz level, in view of the 
reported difficulties in taming it. On the 
other hand, the internal capacitances in 
the device which sum up the limiting 
control are so small that I felt it would be 
self-defeating to try to use it at a frequen¬ 
cy as low as 455 kHz. Hence, the choice 
of the top of the BC band for the second 
i-f. At this frequency CA3089 perform¬ 
ance, while a little ticklish, is all that 
could be wished for. Limiting is good, the 
audio recovery of narrowband fm is 
excellent and the tuning meter output, 
either voltage-wise or current-wise, is as 
described. 

The audio amplifier is the LM380 1C 
made by National Semiconductor. This is 
a 14-pin DIP that will give nearly 1.4 
watts output with a 12-volt power sup¬ 
ply. No peripherals are required other 
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than signal input and output and power- 
supply connections! The LM380 has an 
optional connection for high frequency 
bypass and the device will drive an 8-ohm 
speaker through a capacitor. It does 
require a 6-square-inch heatsink for its 
full rating of 2 watts. The photographs 
show the heatsink {a piece of copper-clad 
phenolic board) with the 1C mounted on 
it at the end of the receiver PC board. 
The coupling capacitor is mounted direct¬ 
ly on the speaker. The miniature phone 
jack mounted on the heatsink board 
permits using either the speaker in the 
cabinet or a remote speaker. Of course, a 
remote speaker will require its own coup¬ 
ling capacitor. 

With regard to additional items not 
mounted on the transmitter or receiver 
boards, there is a miniature closed-circuit 
phone jack below and behind the heat¬ 
sink. This is a practical necessity for 
adjusting and loading the transmitter 
when first put into operation. A 500-mA 
meter on a miniature phone plug should 
be used. Above the meter jack is the 
power input jack to take a plug from 
either a car battery or from an ac-opera- 
ted power supply. Below the power jack 
is the three-connector microphone jack. 
The lead from the audio input to the 
transmitter board is less than 1-inch long. 

The push-to-talk microphone lead 
transfers the input power from receiver to 
transmitter via the relay seen at the other 
end of the cabinet. This relay is a 
two-pole double-throw affair salvaged 
from some surplus equipment, and is used 
both as the power transfer relay and the 
antenna switching relay. It is similar to 
the type (and size) of those found in 
Command Sets. Although it is stamped, 
"28 Vdc," it has a 300-ohm coil which 
indicates that it would be easy on the 
power supply. By adjusting the fixed stop 
on the armature to reduce the air gap 
somewhat, and by adjusting the relay 
contacts to make lighter pressure, it was 
possible to make this relay operate on 
10.5 volts. This is not unique with these 
relays, others have been similarly treated. 
It is also possible to shim up the contact 
assembly on some types to reduce the 



armature air gap even more. This solved 
the problem of a suitable relay and the 
price was right. There is a fixed 100-ohm 
resistor connected in parallel with the 
receiver power input to equalize the loads 
in the transmit and receive positions 
when using a zener-regulated power sup¬ 
ply, but it is not essential. 

No-signal power drain is 60 mA at 12 
volts in the receive position, kicking up 
another 100 mA or so with strong signal 
input. In the transmit position at 12 volts 
current drain, including relay current, is 


while the complete receiver comes off 
with a measured sensitivity of 0.8 micro¬ 
volt. 

alignment 

Receiver alignment can be done with a 
CW signal except for final adjustment of 
the quadrature coil. First, disable both 
oscillators and open the series circuit to 
the CA3028A input. Feed a low-level 
1460-kHz signal to the choke input to the 
CA3028A. Using a voltmeter on the 
CA3089 meter lead as indicator, peak the 



fig. 3. Ac power supply for operating the two-meter package at the base station. 


350 to 425 mA. This economical power 
requirement is within the capability of 
portable battery supply. 

converter 

I have built a converter for a friend to 
be used with an automobile BC radio, 
using the rf amplifier, first mixer and first 
oscillator to give an i-f output in the 550- 
to 1550-kHz range. The converter board 
also contained a broadly tuned i-f trans¬ 
former from a transistor radio which 
could be peaked to the approximate i-f, 
while the car radio is used as a tunable i-f 
and audio amplifier. With this arrange¬ 
ment two crystals can be used to cover 
half the two-meter band, the other half of 
the band appearing as a simultaneous 
image, not so confusing as might appear 
at first blush. One set of signals tunes up 
in frequency while the other tunes down. 
This unfelicitous arrangement comes out 
with a measured sensitivity of 2 micro¬ 
volts, (lacking somewhat in selectivity) 


four inductors of the second i-f filter and 
adjust for equal response roll-off each 
side of the peak. Reconnect the series 
input to the CA3028A and shift the 
1460-kHz signal input to the vicinity of 
the second mixer input and tune the 
second mixer output for maximum indi¬ 
cator response. 

Remove the short from the second 
oscillator coil and tune the second oscil¬ 
lator to 11.690 MHz. Couple a low-level 
10.230-MHz signal to the vicinity of the 
first mixer input and tune both bandpass 
circuits for maximum response. It may be 
necessary to resistively load one circuit 
for smooth response curve (don't forget 
to remove the loading when alignment is 
completed). Restore first oscillator opera¬ 
tion and provide an appropriate two- 
meter signal to the receiver input. 

Peak the output circuit of thecascode 
amplifier and then the input circuit. The 
former will peak sharply while the latter 
will have broad peak. Return to the first 
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oscillator and adjust the tripler circuit to 
vary injection voltage to the first mixer 
for best response to a medium-strength 
signal. Finally, tune in an fm station on 
two meters and adjust the quadrature coil 
for best undistorted audio recovery. If 
you get on an active repeater frequency, 
you will have a variety of signal qualities 
to pick from. 

ac power supply 

A suitable power supply for fixed 


undertake a project of this magnitude on 
faith alone, but, hopefully, many readers 
can use some parts of the design. Some 
experience with the use of the high-speed 
carving tools is an absolute necessity. 

One of the major problems of compact 
construction is the source of components. 
This applies particularly to the physically 
small items. One prolific source is surplus 
boards — assuming that the items are 
quickly identifiable by the seeker. The 
best source, by far, for new components 



fig. 4. Printed-circuit layout for the tunable two-meter fm receiver. This layout is approximately 
two-thirds actual size. 


station use is shown in fig. 3. The LM305 
voltage-regulator 1C is in a TO-5 can. It 
provides excellent regulation and current 
limiting. With the value of R3 indicated it 
will limit at about 1 ampere. The 2N3055 
should have a heatsink and it is desirable 
that Q2 and the 1C also have heatsinks. 
The tantalum capacitors are specified as 
such by National Semiconductor as safe¬ 
guards against parasitics in either the 
power supply or the load. With the 
component values shown in fig. 3 the 
supply will provide 400 mA at 12.3 volts. 
The output voltage may be reduced con¬ 
siderably, for preliminary test purposes, 
by means of the 5k pot. All the compo¬ 
nents for the power supply, except the 
transformer and 1000-juF filter, can easily 
be accommodated on a 3-inch-square 
board. 

summary 

I don't expect that many amateurs will 


is Newark Electronics in Chicago. How¬ 
ever, you must have their industrial cata¬ 
log available for ordering parts, and this 
approach is not inexpensive. 

There is considerable satisfaction in 
operating equipment using solid state 
devices. In addition to compact size, light 
weight and low power requirements, 
there is the assurance that, barring mech¬ 
anical damage, the performance will re¬ 
main undiminished for the indefinite fu¬ 
ture. I have been very well satisfied with 
the performance of this equipment pend¬ 
ing the time when some inventive soul 
produces a 10-watt vhf power transistor 
in a TO-5 can with integral heatsink. 
Then back to the drawing board! 

reference 

1. Doug DeMaw, W1CER, "The Pip-Squeak 
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how to solve 

transistor 


problems 


A complete discussion 
of transistor heatsinks 
and how to choose 
the one you need 
for your application 


How much heatsink is enough? That's a 
question which can be answered by 
whether or not the transistor survives 
when power is applied to the circuit, but 
this is an expensive way of finding the 
solution to heatsink design problems; a 
better way is to calculate heatsink re¬ 
quirements, and select a suitable heatsink 
using manufacturers' specifications, or 
make your own heatsink based on em¬ 
pirical data. 
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heatsink 

A heatsink problem is just one part o' 
the larger problem of designing a tran 
sistor circuit to do a particular job; aftei 
the performance requirements of the cir 
cuit have been established, answers to the 
following questions must be found. How 
much power must the transistor dis 
sipate? Will the selected transistor dis 
sipate this much power? If so, how mucf 
heatsinking is required? 

estimating dissipation requirements 

Power dissipated by the transistor i: 
that power which is wasted in heating the 
transistor; it is equal to the power de 
livered to the transistor minus the powei 
the transistor delivers to its load. A 
typical example is shown in fig. 1. The 
total power into the transistor is the surr 
of the signal power into the base plus the 
dc power delivered to the transistor by 
the power supply; power wasted in bias 
resistors does not count. Power delivered 
by the transistor to its load is the power 
into the output matching network. 

Let's put some hypothetical numbers 
on the circuit of fig. 1. Let's say the 
amplifier is operated class A, dc collector 
current is 200 mA, V cc is 12 volts, and 
the emitter voltage, V E , is 2 volts. Let's 
further assume that there is no dc voltage 
drop in the primary of the output match¬ 
ing network. Therefore, the dc voltage 
from collector to emitter is equal to 12 


minus 2, or 10 volts. With 200 mA of 
collector current, the dc power into the 
collector is 

Pp = VpgIp = (10 volts)(0.2 amp) 

= 2 watts 

If the dc beta, or current gain, of the 
transistor is 50, then the base current is 

I jc = 200mA =4mA 
B B 50 

Assume the base-emitter voltage of the 
transistor is 0.6 volt; then the dc power 
into the base will be 

P B = IbV B e= (4 mA)(0.6 volt) 

= 0.0024 watt 

This is insignificant compared to collector 
power and may be neglected. 

Assume the transistor delivers 0.9 watt 
of ac power to the output matching 
network, and the transistor has a power 
gain of 10. (n this case the signal power 
into the transistor is 

^ = 0.09 watt, 

10 

and total power into the transistor would 
be 2.09 watts. The transistor must dissi¬ 
pate the difference between total input 
power and output power, or 

2.09-0.9= 1.19 watt 

When the input signal is removed, how¬ 
ever, the transistor must dissipate 2 watts 
because none of the power from the 
collector power supply goes into the load. 

Class-B and class-C amplifiers can be 
handled in much the same way, the 
important difference being that the tran¬ 
sistor does not dissipate appreciable 
power when the input signal is removed. 
Transistor dissipation will still be approxi¬ 
mately equal to the difference between 
the dc power furnished by the collector 
power supply and the signal power de¬ 
livered to the collector load. 

Fig. 2 shows an example of a class-C rf 


amplifier. The dc power from the power 
supply is 2.4 watts, and the power into 
the T matching network is 1.5 watts. 
Therefore, the power which must be 
dissipated in the collector of the tran¬ 
sistor is 2.4 minus 1.5 or 0.9 watts. If the 
power gain of the transistor is 10, then 
0.15 watt must be fed into the base of 



fig. 1. Clatt-A tramittor power stage used to 
illustrate power dissipation (see text). 

the transistor, making a total of 0.9 plus 
0.15, or 1.05 watt, which must be dissi¬ 
pated by the transistor. 

Transistors used in power supply regu¬ 
lators often require heat sinks. Fig. 3 
shows a simple regulator which delivers 
12 watts to the load. Neglecting the 
transistor base current and zener diode 
current, the power into the regulator 
from the rectifiers is 

18 volts x 1 amp = 18 watts 

The transistor must dissipate the differ¬ 
ence between input power and output 
power, or 6 watts. 

transistor capabilities 

After the power dissipation is esti¬ 
mated, a transistor may be selected which 
meets the power requirement; this is done 
by studying the data sheets of transistors 
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which meet other circuit requirements 
such as gain and frequency range. 

Most transistor data sheets show one 
or both of the following power ratings. 
One is total device dissipation at (or 
below) 25°C free-air temperature; this is 


to simply mount the transistor on a 
heatsink and allow air at room tempera¬ 
ture (25°C) to circulate around it. This 
method will not hold the case tempera¬ 
ture at 25 C, so a reduced power rating 
must be accepted for the device. 



TRANSISTOR DISSIPATES 

6 warrs 



fig. 3. The series regulator transistor in this simple power supply dissipates 6 watts. 


the maximum power the transistor may 
dissipate without any heatsink if the 
temperature of the air around the tran¬ 
sistor is 25 C or less. 

The other rating is total device dissipa¬ 
tion at (or below) 25°C case temperature; 
this is the maximum power the transistor 
may dissipate if the transistor case tem¬ 
perature is held to 25 C or less. Oneway 
to hold the case temperature at 25°C is to 
mount the transistor on a heatsink which 
has integral cooling coils through which 
ice water is pumped. This is rather expen¬ 
sive, however, and the usual procedure is 


INPUT 

signal 



fig. 2. The transistor dissipates 1.05-watt in this 
class-C rf amplifier stage. 


Included with the free-air and case- 
temperature ratings are derating factors 
which say that the device must be derated 
linearly to some temperature (free-air or 
case) at the rate of so many watts-per- C. 
Derating factors may be shown as foot¬ 
notes on the data sheet. 

Some transistor data sheets include 
dissipation derating curves which are 
merely graphs showing what has already 
been specified; if the data sheet does not 
include it, one may easily be drawn. Fig. 
4 shows derating curves for the 2N3724A 
transistor. This device is rated for 1-watt 
dissipation at 25° C free-air temperature 
(no heatsink) with a derating factor of 
5.71 mW-per-°C to 200°C. Notice that if 
the free-air temperature is 200°C, no 
power may be dissipated by the tran¬ 
sistor. If the free-air temperature is 50°C. 
then the amount of derating is 25°C 
times 5.71 mW-per-°C, or 143 mW; this 
derating is subtracted from the 1-watt 
rating to find how much power may be 
dissipated at 50°C free-air. 

1000 mW - 143 mW = 857 mW 

The case temperature curve applies if a 
heatsink is used. If the transistor dissi¬ 
pates, say 3 watts, then, according to fig. 
4, the heatsink must be large enough to 
hold the case temperature to 95°C or less. 
Operation must always be on the curve or 
below it. It is good design practice to 


48 QQ january 1974 



allow some safety factor by operating 
somewhat below the curve, i.e., use a 
slightly larger heatsink than is called for. 
As mentioned above, practical heatsinks 
will not hold the case temperature to 

25°C, so you should not expect to 
operate this device at 5-watts dissipation. 

Some transistors have power ratings 
specified at 50°C or 100°C case tempera¬ 
tures, with appropriate derating factors 
for case temperatures above those values. 
Fig. 5 shows the derating curve for the 
2N5387. This transistor is rated for 100 
watts at (or below) 100°C case tempera¬ 
ture and has a derating factor of 1 watt- 
per-°C to 200°C case temperature. It is 
possible for transistors with such ratings 
to dissipate their full power rating using 
an air-cooled heatsink, provided the heat¬ 
sink is good enough. 

thermal resistance 

Thermal resistance is expressed in the 
units, °C-per-watt. This is the tempera¬ 
ture difference that will occur between 
two points for each watt of power that is 
dissipated at one of the points, the higher 
temperature being at the point where 
power is dissipated. The reciprocals of the 
derating factors discussed above are 
thermal resistances. 

°C 

Thermal Resistance - 

watt 

= _ 1 _ 

Derating Factor ^afts 

Theta W) is the mathematical symbol 
used for thermal resistance, and sub¬ 
scripts are used to denote which two 
points the thermal resistance is between: 


package where the heatsink makes con¬ 
tact. Ambient is the medium into which 
heat is ultimately conducted or radiated, 
and it usually is free-air at 25°C. 

If the transistor or heatsink is 
mounted inside an equipment cabinet 



0 too 200 


TEMPERATURE fCj 

fig. 4. Dissipation derating curves for the 
2N3724A transistor. 

where the temperature is higher than 
room temperature due to heat-generating 
components, such as transformers, tubes, 
power resistors or the power transistor 
itself, then ambient means the tempera¬ 
ture inside that cabinet. Fig. 6 is a scale 
showing the relationship between °C and 
°F for those accustomed to expressing 
temperature in F. 

The reciprocal of the free-air derating 
factor is 0j A 

e - -1- 

J Free-air Derating Factor 

For the 2N3724A (see Fig. 4), 


0j A junction-to-ambient 
0 j c junction-to-case 
(?C_hs c ase-to-heatsink 
$Hs ^ heatsink-to-ambient 

Junction is the term used for the point or 
points inside the transistor where the 
power is actually dissipated. Case means 
the point or points on the transistor 



= 175 


°C 

watt 


This thermal resistance value tells you 
how many °C the junction temperature 
will rise above ambient temperature for a 
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given transistor power dissipation. If the 
ambient temperature, T A , is 25 C, and 1 
watt of power, P, is dissipated at the 
junction, then the junction temperature, 
Tj, will be 

t j- t a +p «j.a (1 » 



CASE TEMPERATURE ( m C) 


fig, 5. Dissipation derating curve for the 
2N3724A transistor. 


T. - 25+ (1 watt)(175 ——-) = 200°C 
J watt 

It is obvious from this and fig. 4 that the 
maximum allowable junction temperature 
for the 2N3724A is 200°C. The entire 
purpose of, heat sinking is to prevent the 
junction temperature from exceeding the 
maximum allowable value specified by 
the manufacturer. 

Eq. 1 is the basic thermal equation 
used to determine if a certain power 


50 

fig. 6. Relationship between the _ 1. ,i x a— 

Centigrade and Fahrenheit tem- 
perature scales. 

*F - f °C + 32° 


When the transistor is fastened to a 
heatsink, 0j. A breaks down into three 
quantities; 


^j-a ^J-C + 0 C-hs + 0 HS-A 


( 2 ) 


Combining eqs. 1 and 2 gives 
T J ” T A + P Wj.C +e C.HS + «HS.A> (3 » 


Oj c is the reciprocal of the case tempera¬ 
ture derating factor shown on the tran¬ 
sistor data sheet; 


Q 


j-c 


1 _ 

Case Temperature Derating Factor 


For the 2N3724A (see fig. 4), 
1 


0 


J-C 


28.6 


mW 


°p “n 

= 0.035 -^-=35 — 


mW 


watt 


This value of thermal resistance tells you 
that the junction temperature will be 
35°C higher than the case temperature 
for each watt of power dissipated in the 
junction. If 5 watts of power are dissi¬ 
pated in the junction, then the junction 
temperature will be 175 C higher than 
the case temperature. Therefore, the case 
temperature must not exceed 25°C if the 
junction temperature is not to exceed 
200°C, its maximum allowable value. 

Case-to-heatsink thermal resistance, 
^C-HS' depends on several varying fac 
tors. How much torque is used in tighten¬ 
ing the nuts or screws which hold the 
transistor to the heatsink? How smooth 

•FAHRENHEIT 

IOO 150 200 

■ 1 i i i i J _i__i_i_ i 1 . i _ 

Y^i Y^ 

50 75 IOO 
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dissipation will cause the transistor's max¬ 
imum allowable junction temperature to 
be exceeded. T A should be the highest 
actual ambient temperature encountered. 
Don't use T A = 25°C if the transistor is 
to be operated in the trunk of a car on 
hot summer days; 50 to 75°C would be 
more realistic. 


are the mating surfaces of the transistor 
and heatsink? Is the heatsink anodized? Is 
an insulating mica washer used between 
the transistor and heatsink? Is a silicone 
grease, or other thermal compound, 
applied to the mating surfaces? How and 
to what extent do these factors affect 
0 c . H s? All these factors have an effect. 
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HEAT SINK TEMPERATURE RiSE 
ABOVE AMBIENT (*C) 


A mica washer will increase the 
thermal resistance about 0.3 °C-pef-watt, 
and thermal compounds may decrease the 
thermal resistance about 0.1 to 0.2 C- 
per-watt. Anodized surfaces are about 
0.25 °C-per-watt higher than unfinished 
surfaces. A fair rule-of-thumb is to allow 



fig. 7. Typical heatsink performance curve. 


about 0.2 u C-per-watt for $ C . HS when 
the mating surfaces are bare metal; 0.5 
°C*per-watt should be used if the heat 
sink is anodized or a mica washer is used. 

^C-HS IS usual| V not very significant at 
moderate power levels, but if the power 
dissipation is 100 watts, the temperature 
difference between the transistor case and 
the heatsink could be on the order of 
50°C. Mating surfaces should be smooth 
and clean, and the transistor should be 
mounted tightly to the heatsink. 

The last term in eq. 3, ^ HS . A - is the 
heatsink-to-ambient thermal resistance. 
Heatsink manufacturers may specify the 
thermal resistance of their heatsinks in 
C-per-watt, or they may provide a per¬ 
formance graph such as shown in fig. 7. 
Since the curve is usually a straight line, 
the slope of which is thermal resistance, 
0 HS a ma Y derived from the curve as 
shown. The manufacturer may label the 
vertical axis in fig. 7 case temperature rise 
above ambient in C; in this case 6 C HS is 
included in the heatsink rating, so the 
slope of the line is equal to # c Hs + 

S-A' 


finding the right heatsink 

To choose a suitable heatsink it is 
necessary to determine the value of 0 HS . A 
you need, then select a heatsink having 
that value, or less, of thermal resistance. 
Some examples will illustrate. 

Suppose a circuit includes a TIP29 
power transistor; the maximum power, P, 
which the transistor must dissipate is 15 
watts. To allow for operation in non-air- 
conditioned places on hot summer days, 
ambient temperature, T A , is assigned a 

value of 50°C. The TIP29 data sheet 
specifies that the maximum continuous 
device dissipation at (or below) 25°C case 
temperature is 30 watts, and this rating is 
to be derated to 150°C case temperature 
at the rate of 0,24 watt-per-°C. Thus, the 
maximum allowable junction tempera¬ 
ture, Tj, is 150°C, and the junction-to- 
case thermal resistance is 

0 = -1-= 4.17 — 

J ° o 24 watt watt 

' °C 


It is desired to use an insulating mica 
washer when mounting the TIP29 to its 
heatsink, so ^ C . HS ’ s assumed to be 
0.5°C-per-watt. All of this information is 
substituted into eq. 3 as follows 


V T A +P <*J-C + ®C4fS + W 


150= 50+15(4.17 + 0.5+y HS A > 


Solving for 0 HS A , 


HS-A 


watt 


Thus, an acceptable heatsink would be 
one which has a thermal resistance of 2 
C-per-watt or less. Armed with this 
information, you can quickly select a 
suitable heatsink from the manufacturers' 
catalogs. The Thermalloy Company's 
6123 heatsink is rated at 1.3 °C-per-watt 
and would be quite adequate. 

As a second example, assume a 
2IM5387 (see fig. 5) must dissipate 100 
watts, and the ambient temperature is 
25 C. From fig. 5, or from the derating 
information, the maximum allowable 
junction temperature is 200°C, and the 
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junction-to-case thermal resistance is 


J 1 watt watt 
°C 

The transistor is to be mounted directly 
to the bare metal of the heatsink, so 
0 chs ' s ta ^ en to be 0-2 °C-per-watt. 
Plugging these values into eq. 3 gives 

T J = T A + P ^J.C + ^C-HS + ^HS-A^ 


200 = 25 + 100(1 + 0.2 + 0 


HS-A 


Solving for 0|_| S A yields 


0 H s.a = O.S5 


watt 


The Thermalloy 6560B heatsink should 
handle the requirement. It is a black 
anodized heatsink, but the catalog infor¬ 
mation indicates that for 100-watts dissi¬ 
pation, the transistor case temperature 
will be 45°C above ambient. This means 


^C-HS + ^HS-A 


_45lC_ = 0 . 45 -^- 

100 watts watt 


Putting this into eq. 3, 

T J = T A +P ^J-C + fl C-HS + ^ HS-A ^ 

Tj = 25 + 100( 1.0 + 0.45) = 170°C 

which is 30°C less than the maximum 
allowable junction temperature; it would 
be unnecessary to remove the anodize 
where the transistor mounts to the heat¬ 
sink. 

homemade heatsinks 

Heatsinks may be improvised by using 
sheet metal. Weight, volume and shape 
play some part in heatsink effectiveness, 
but exposed surface area is the prime 
factor on which thermal resistance de¬ 
pends. Fig. 8 is a graph showing approxi¬ 
mate 0 HS _ A vs area of one side for 
1/8-inch thick square aluminum and 
copper sheet metal. This data applies to 
square plates mounted so the plane of the 
plate is vertical, with the transistor 
fastened to the center of the plate. 

The thermal conductivity of copper is 
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nearly twice that of aluminum which 
explains why copper gives better results. 
Brass has a thermal conductivity about 
one-half that of aluminum, and should be 
avoided; steel is poor also. Aluminum is 
the best compromise between perform¬ 
ance and cost, and it is widely used. 



SHEET METAL AREA (ONE SIDE. SO. INCHES) 


fig. 8. Thermal resistance vs area of 1/8” thick 
sheet metal. 


Fig. 8 may be used to estimate the size 
of sheet metal needed after the required 
value of $ HS A has been determined. An 
aluminum chassis may be used as a 
heatsink by mounting the transistor to it, 
but the horizontal portion of the chassis 
does not get rid of heat as well as the 
vertical portions. Air rises when it is 
heated, and all heatsinks should be 
mounted so most of the surface area is 
vertical. This permits the most efficient 
flow of air past the heatsink due to 
convection currents. 

forced air cooling 

Blowing air across the surface of a 
heatsink by means of a fan or blower can 
dramatically improve the heatsink's per¬ 
formance. For example, air blown at a 
velocity of 500 feet-per-minute will re¬ 
duce A to around one-third to one- 



half its still-air value; this corresponds to 
a light breeze of about 5.7 miles-per-hour. 

Fans and blowers are rated in cubic 
feet-per-minute (cfm). To determine the 
approximate velocity of air out of a 
blower, the cfm rating is divided by the 
cross-sectional area of the blower's 
output hole. For ex¬ 
ample, suppose a small 
blower is rated at 20 
cfm, and its output 
hole is 2 x 2 inches. 20 ~ 

The cross-sectional area 
is 4 square inches, or 
0.0278 square feet, so s 

the output air velocity is | 

K >0 ~ 

UJ — - 

* 

20 cfm _ 720 f eet 
0.0278 sq ft minute 


junction will operate within its rating. 

Now suppose the frequency of the 
square wave is decreased to a very low 
value, say one cycle-per-hour; T 1 and T 2 
would each be 30 minutes, and 18 watts 
would be applied to the junction for 30 
minutes during the first cycle, quickly 



PEAK POWER 


Y“" 

AVERAGE 

POWER 


fig. 9. Power dissipated in a 
junction by a square wave. 


Time - 


If the blower cannot be mounted so that 
its output flows directly onto the heat¬ 
sink, ducting may be used to channel the 
air stream to the heatsink. More detailed 
information on forced-air cooling may be 
found in heatsink catalogs. 

thermal time lag 

A finite amount of time is required for 
the junction temperature to rise to its 
steady-state value after power is applied. 
This fact allows the transistor to operate 
at higher ac peak power ratings than is 
possible at dc. Fig. 9 shows a graph of the 
power dissipated in a transistor junction 
by a square wave; peak power is 18 watts, 
and average power is 9 watts. 

Assume that the transistor and its 
heatsink are such that only 10 watts of 
power may be safely dissipated. If the 
frequency of the square wave in fig. 9 is 
500 kHz, T. and T 2 will each be 1 
microsecond. The thermal time constant 
of most power transistors is large com¬ 
pared to 1 ps, so the junction tempera¬ 
ture will be determined by the average 
power dissipation of 9 watts, and the 


destroying the device. This is an extreme 
example, but it points out the necessity 
of taking frequency into consideration 
when determining heatsink requirements. 

Many power transistors have thermal 
time constants such that the use of 
average power in eq. 3 would lead to an 
inadequate heatsink at the lower audio 
frequencies. Therefore, it is not a bad 
idea to use peak power in eq. 3 for audio 
frequency applications. 

Some transistor data sheets show a 
family of curves to be used in adjusting 
the value of Oj c according to pulse 
width and duty cycle, and these should 
be studied and used when available. 

conclusion 

It is hoped that this article will intro¬ 
duce the reader to the basic concepts 
involved in solving transistor heatsink 
problems; these principles may also be 
applied to other semiconductor devices 
such as thyristors and power zeners. More 
insight into heatsink technology may be 
derived by studying power transistor data 
sheets and heatsink catalogs. ham radio 
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simple 


lowpass filter 


for audio 


This simple 
lowpass audio filter 
provides high performance 
and a minimum 
of design effort — 
a design graph 
is provided 


Lowpass audio filters have many applica¬ 
tions in amateur radio, such as restricting 
transmitter bandwidth and establishing 
the bandwidth of direct-conversion re¬ 
ceivers. Simple tee- and pi-section filters 
are often used in these applications but 
do not provide sharp cutoff. The circuit 
presented here is substantially better than 
a tee or pi but is nevertheless inexpensive 
and simple to build. 

So-called modern filters are the best 
that can be made for a given number of 
components, but these components are 
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likely to have awkward, nonstandard 
values. The filter to be described here 
performs very well and is much easier to 
make than a comparable modern filter. It 
consists of three unmodified telephone 
toroids and four identical capacitors — 
nothing more. 

The filter is composed of a constant-k 
pi-section with an m-derived half-section 
at each end. For best matching to a 
resistive load, such half-sections are 
usually made with m = 0.6. If, however, 
you let m = 0.5, for only a slight 
degradation in performance you achieve 
two important simplifications. First, all 
capacitors in the circuit assume the same 
value, and second, each end inductor 
assumes exactly one-quarter of the value 
of the center inductor. This latter pro¬ 
perty makes it possible to use an 88- or 
44-mH telephone toroid for the center 
inductor and half of a similar toroid for 
each of the end inductors. The resultant 
filter is shown in fig. 1. It is important 
that it be terminated in its proper load 
resistance, R. 



fig. 1. Simple lowpass audio fitter uses three 
inductors and four capacitors. For L = 88 
mH, the values of R and C may be obtained 
from fig. 2. 
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design 

The design of a particular filter begins 
with the choice of a cutoff frequency. 
Then, with the value of L known, the 
values of R and C are obtained from the 
equations 

R = 7T Lf ohms (1) 

C 

c = JL75— farads ( 2 ) 

7T 2 Lf c 2 

where L is in henrys and f is the cutoff 
frequency in Hz. 

If 88-mH toroids are used, the values 
of R and C may be obtained graphically 
from fig. 2 for a considerable range of 
cutoff frequencies. For 44-mH toroids, 
the values of R should be half, and the 
values of C double, those shown in fig. 2. 

To test the design, a filter was built 
using L = 88 mH and C = 0.1 /iF. These 
values lead to a cutoff frequency of 2940 
Hz and require a load resistance of 812 
ohms. Each of the two 22-mH end 
inductors was formed by paralleling the 
two windings of an 88 mH telephone 
toroid. These toroids have very low core 
losses at audio frequencies, so their Q is 
determined almost entirely by winding 



FREQUENCY (kHz) 

fig. 3. Measured attenuation characteristics of 
the lowpass filter shown in fig. 1 with a 
2940-Hz cutoff frequency. The dashed line 
shows the measured attenuation characteristics 
of a comparison pi-section filter with the same 
nominal cutoff frequency and load resistance. 


resistance. The Q of the end inductors 
can therefore be almost doubled, without 
changing the inductance, if the two wind¬ 
ings are paralleled. For correct polarity, 
the two braid-covered ends should be 
joined,and the other two ends should also 
be joined. The four capacitors were 
matched to within 1%, and a load resis¬ 
tance accurate to within 1% was made by 
paralleling higher-value resistances. 



0.3 03 12 5 10 


CUTOFF FREQUENCY (kHz) 

fig. 2. Values of R and C as functions of the cutoff frequency for 
the lowpass filter circuit shown in fig. 1 with L = 83 mH. For L 
= 44 mH, C should be doubled and R halved. 


operating charac¬ 
teristics 

The attenuation 
characteristics of the re¬ 
sultant filter were mea¬ 
sured and are shown in 
fig. 3. Also shown 
(dashed curve) are the 
measured attenuation 
characteristics of a 
comparison pi-section 
filter having the same 
cutoff frequency and 
load resistance. The pi- 
section filter was made 
from an 88 mH toroid 
and two 0.067 jjF ca¬ 
pacitors. The superiori¬ 
ty of the filter circuit 
of fig. 1 is obvious. 

ham radio 
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medium-power 

toroidal 


antenna 


Design and 
construction of 
a compact 
antenna tuner 
that will handle 
up to 500 watts 


Though numerous designs have been pre¬ 
sented for antenna tuners, most are any¬ 
thing but simple and convenient to use. 
Moreover, the tuners described for 
limited space applications are themselves 
often far from compact. 

The antenna tuner described here 
overcomes these problems by attacking 
the primary culprit — the inductor. De¬ 
signs using plug-in, rotary or clip-tapped 
inductors are superseded with the use of 
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tuner 

a switch-tapped toroidal coil, thereby 
substantially reducing space requirements 
and the inconvenience of bulky tap con¬ 
nections. The circuit is based on the 
recommendations of W2EEY, 1 and pro¬ 
vides matching to random length wires. 
An indicator is included for "hands-free" 
tuning. 

The coupler provides nine different 
circuits using two capacitors and one coil 
(see fig. 2). Configurations A through E 
are provided by switch S2, and the 
forward/reverse function is accomplished 
by switch SI. The different circuit ar¬ 
rangements provide for a variety of impe¬ 
dance-matching situations. 



Closeup of the matching network components 
in the toroid antenna tuner. Variable capacitors 
Cl and C2 are to the left, toroid Inductance i_1 
Is to the right. 


58 B9 january 1974 




LI 


24 turns no. 12 Formvar wound on two 
Amidon T-200-2 cores, tapped at 4, 6, 8, 
10 and 12 turns (see text) 

same resistance as load, 50 ohms for 
most amateur systems (see reference 2) 
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4-pole, 6-posltlon, non-shorting rotary 
switch (CRL 2553) 

12-posltion tap switch (JBL Inst. 240 
type BPBN-l-R A-83-3Z9825-40.2, avail¬ 
able from Fair Radio) 


fig. 1. Schematic diagram of the toroid antenna tuner. This tuner will handle up to S00 watts CW 
without arcing, and is designed primarily for matching long-wire antennas from 80 through 10 
meters. 


construction 

Building the toroidal antenna tuner is 
relatively straightforward. The toroid is 
the most unusual part of the circuit and 
consists of two Amidon T-200-2 toroidal 
cores epoxied together. The entire surface 
of each of the toroids is covered with 
epoxy to prevent flashover from the coil 
to the cores. Spacers of 1/4-inch poly¬ 
styrene are then cut out as shown in fig. 3 
and glued to the ends of the dual toroid. 

When the epoxy has cured, the wire 
may be wound on the toroids — 24 turns 
of number-12 Formvar-insulated wire are 
required. Care should be taken not to flex 
the wire more than necessary, as this will 
work harden the wire. Also, the neater 
the job, the less likely you will have 
arcing problems in the finished tuner. 


Leave enough wire at each end to secure 
the coil to the tap switch. 

The tap leads from the coil are con¬ 
nected before the coil is wired to the 



Construction of the toroid antenna tuner. All 
components are mounted in a small aluminum 
chassis. 
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fig. 2. Different matching network arrange¬ 
ments possible with the antenna tuner shown in 
fig. 1. 


switch. Beginning after the first 4 turns, 
taps are connected every 2 turns, for a 
total of 1 2 leads, including those at each 
end of the coil. To connect the taps, 
scrape away the insulation on the proper 
turn on the outside of the coil between 
the spacers. Another piece of number-12 
wire with a clean end is then wrapped to 
this point with several turns of small 



fig. 3. Polystyrene end spacers for the toroidal 
core (see text). 


gauge wire. Then the connection is 
soldered. 

When the tap leads are all connected, 
the coil may be wired to the switch. The 
first contact is left blank, and the second 
contact connects to the first tap after the 
initial 4 turns on the coil. The wires are 
connected around, in turn, and support 
the coil. The wiper should be connected 
to the end of the coil with the 4-turn tap. 

The capacitors were obtained, in new 
condition, from a surplus A 27 Phantom 
Antenna unit.* These units also supplied 
the ground and antenna binding posts, 
which are more rugged than most. Note 
that one capacitor must be fully insulated 
from ground. 

Since the forward/reverse switch pro¬ 
vides 3 positions, the center position is 
used to ground the antenna when the 
equipment is not in use. A dummy load 
might be connected to the input side in 
this position to provide a tune option. 

The swr indicator shown in fig. 1 is a 
modification of an earlier design. 2 I used 
a pickup braid 8-inches long to give signifi¬ 
cant indication in the transmitter tune-up 
position. The sensitivity control used was 
a subminiature type, but a front-panel 
adjustment would be more satisfactory. 
The indicator portion of the tuner should 
be shielded to prevent possible rfi effects. 

The tuner could easily be built into a 
small enclosure. Front panel space is the 
main limitation on compactness. The 
finished unit is capable of handling 500 
watts CW without arcing. Using a long- 
wire antenna of sufficient length, the 
tuner will easily match transmitter out¬ 
puts from 80 through 10 meters. 

references 

1. John J. Shultz, "Random-Length Antenna 
Couplers," ham radio, January, 1970, page 32. 

2. Gregory P. Widin, "SWR Bridge," ham radio, 
October, 1971, page 55. 

3. E. L. Klein, W4BRS, "The Whole of the 
Doughnut," 73, June, 1967, page 6. 

ham radio 

*A-27 Phantom Antenna units, used, are priced 
at $2.95 plus shipping (3 pounds) from Fair 
Radio Sales Co., Post Box 1105, Lima, Ohio 
45802. 
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four-band 

high-frequency 

windom antenna 


The rebirth of 
the Windom antenna — 
a high performance 
multiband antenna 
popular in 
the 1930s 


Do you have antenna space limitations? 
Can't swing a rotary beam? Need a good 
field-day antenna? Then the old standby, 
the Windom antenna, may be your an¬ 
swer. It offers four-band operation with a 
single feedline, and in most cases does not 
require an antenna tuner. 

It's odd how ideas crop up in ham 
radio and then fade into oblivion. The 
Windom is a good, simple, multiband 
antenna system that is unheard of among 
today's hams. So, let's revive it and 
simplify the feed system. (This will be old 
hat to you if you remember when you 
weren't one of the boys on 75 meters 
unless you had an RME-45 receiver and a 
Windom antenna.) 

theory of operation 

If the impedances present along the 
length of a half-wave dipole in free space 
are plotted, the values vary from about 
3600 ohms at the ends to 72 ohms at the 
center. Fig. 1 is a plot of antenna 
impedance versus length along a dipole. 
The center impedance of 72 ohms, cou¬ 
pled with the ease of using coaxial cable, 
has given rise to the extensive use of 
low-impedance feedlines and single-band 
dipoles. Today, open-wire feeders and 
other than 50- or 72-ohm coaxial feed¬ 
lines are rare. 

However, one way of feeding a dipole 
with open wire-line is to tap the antenna 
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equidistant from the center to match the 
feedline impedance. Fig. 2 illustrates a 
method of matching 600-ohm line to a 
dipole. Note that the dipole does not 
have to be split into two parts with an 
insulator. This is called the delta match 
and is used extensively by vhf enthusiasts 
for matching stacked arrays. 

preplanning 

Lets calculate the length required for a 
four-band antenna. Since the highest fre¬ 
quency band, ten meters, will be the most 
sensitive to antenna length, overall anten¬ 
na length must be some multiple of a 
half-wavelength at ten meters. From the 
handbook formula for long-wire antennas 


length in feet = 


492 (N - 0.05) 
frequency (MHz) 


where N is number of half waves. 

For an antenna nine half-wavelengths 
long at 28.9 MHz, the length is slightly 
more than 152 feet. This is a bit long for 
80-meter operation. Plugging in eight half 
waves and turning the crank gives 



fig. 2. Classic single band antenna uses an 
open-wire feedline and a delta match. No center 
insulator Is required. 


135.342 feet. This looks good. Round the 
length off to 136 feet. 

Now, using the formula for a half-wave 
dipole, and working backwards to find 
resonant frequency 

“ 136" 3 6,7 MHz 

This looks good. The 80- and 75-meter 
bandedge mismatch will be a small per¬ 
centage of antenna length. 



0,25 0.2 CM5 Oi 0.05 0 0.05 Of 0.15 0.2 0.2 5 

ANTENNA LENGTH (WAVELENGTHS) 

fig. 1. Plot of input impedance along a half-wave antenna in free space. 
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fig. 3. Impedance along a 136-foot antenna on 60, 40, 20 and 10 meters. Approximately 45 feet 
from one end of the antenna the impedance plots cross at 270 ohms — providing a fairly good match 
to 300-ohm feedline. 


If the impedances present along this 
136*foot antenna are plotted for the 80, 
40, 20, and 10-meter bands, at a point 45 
feet from one end, all four band plots 
cross at about 270 ohms (see fig. 3). If 
the antenna wire is broken at this point 
and the two wires are fed with 300-ohm 
twinlead, a fairly good match will be 
obtained for all four bands. In practice, 
certain lengths of feedline have been 


found to be preferred for easier transmit¬ 
ter loading. These lengths are multiples of 
44 feet. 

The advantages of both types of feed¬ 
line, coax and twinlead, can be achieved 
by combining the optimum length of 
44-feet of 300-ohm twinlead with a balun 
to match 75-ohm coax. A random length 
of coax can then be run to the hamshack 
as shown in fig. 4. 



fig. 4. Windom antenna for four amateur bands uses 300-ohm twinlead, a 4:1 balun and 75-ohm 
coax to the transmitter. 
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construction 

After obtaining 140-feet of number-12 
Copperweld antenna wire, three egg insu¬ 
lators and 50-feet of 300-ohm twinlead, 
you are ready to proceed. Using the 
dimensions shown in fig. 4, install the 
three insulators. The distances shown are 
between insulators. Attach the pre¬ 
measured 44-feet of 300-ohm twinlead 
(or multiples thereof) between the feed- 
point insulator and the balun. Install the 
antenna as high and as in the clear as 
possible. 

Route the 300-ohm feed line away 
from the feedpoint at a 90-degree angle 
for as far as possible. The balun should be 
waterproofed if it is exposed to the 
weather. One method is to completely 
wrap it with Scotch Brand vinyl tape of 
the type used by electricians and carried 
by most hardware stores. 

There are several good commercial 
broadband baluns on the market that can 
be used, as well as toroidal kits for 
assembling a kilowatt unit in a small 
Minibox. The ARRL Handbook provides 
construction details for an easily made 
toroid balun. 

There is one note of caution that 
applies to any multiband antenna system. 
Any harmonics generated on the lower 
bands will be efficiently radiated by this 
antenna. A conventional antenna tuner 
can be substituted for the balun, or used 
at the transmitter end of the coax to 
eliminate harmonics reaching the anten¬ 
na. However, the use of an antenna tuner 
defeats the basic simplicity of the balun- 
to-coax feed system with its automatic 
bandchanging and no tuning to fuss with. 
Several excellent antenna tuners have 
been described in the amateur 
magazines. 1 - 2 > 3 


references 

1. Ed Noll, W3FQJ, "Antenna Tuners," ham 
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2. Gregory Widin, WB2ZSH, "Medium Power 
Toroidal Antenna Tuner," ham radio, January, 
1974, page 58. 
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All Mobile Antennas are NOT alike 



Larsen 
Antennas 
with 
exclusive 
Kulrod 
let you 


HEAR the difference! 


Mobile Antennas should be judged on the 
basis of ruggedness, ease of installation 
and performance . . . mostly performance. 
Larsen Kulrod Antennas are "solid" on all 
scores. They have a low, low silhouette for 
best appearance and minimum wind drag. 
Hi-impact epoxy base construction assures 
rugged long life. The Larsen mount gives 
you metal to metal contact, has only 3 
simple parts and goes on fast and easily. 

And performance! Larsen Antennas for 
the 144-148 MHz range deliver a full 3 db 
gain over a 1/4 wave whip. V.S.W.R. is less 
than 1.3 to 1. The exclusive Larsen Kulrod 
assures you no loss of RF through heat. 
Handles full 1 50 watts. 

It all adds up to superior performance .. 
just one of many reasons why Larsen An¬ 
tennas are the fastest growing line in the 
commercial field in both the U.S.and Cana¬ 
da. Available as antennas only or complete 
with mounting hardware coax and plug. 
Write today for fact sheet and prices. 


Sold with a full money back guarantee. 
You hear better or it costs you nothing! 


Needa BETTER 450 MHz Antenna? 

Get the Larsen 5 db gain Phased Collinear. 
Same rugged construction and reliability 
as the 2 meter Larsen Antennas including 
exclusive Kulrod. Write for full fact sheet. 
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®Kulrod . . . 

a trademark of Larsen Electronics 


Larsen Antennas 


1161 N.E. 50th Ave. • Vancouver, WA 98665 
Phone: 206/695-5383 
For fastest mail service address: 

P.O. Box 1686 — Vancouver, WA 98663 
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spurious causes 


While intruder-watching, and doing 
associated Official Observer work when 
an unusual signal turns out to be amateur 
rather than an intruder, much is learned 
about the causes of troubles. 

Recently, there have been noted many 
cases of key chirps or clicks spaced many 
kilohertz from the normal signal. Some¬ 
times it is noise, which may be keyed 
normally or back-keyed, or voice peaks in 
phase with the desired signal. Several 
hams have found tubes to be the cause, 
though plugging the offending tube back 
in the same socket may not again give 
trouble. 

It has been suggested that this may be 
the result of generation of spurious fre¬ 
quencies due to a temporarily corroded 
tube pin or socket contact, which is 
self-cleaned by removing the tube and 
plugging it in again. 

Therefore, it is suggested that all tubes 
in transmitters and receivers, particularly 
those associated with the generation of 
the transmitted signal, periodically be 
wiggled or even pulled out and plugged 
back in. It would seem that this could be 
done several times a year, to keep con¬ 
tacts clean, so that some screen or sup¬ 
pressor does not lose its voltage or its rf 
ground connection. 

Bill Conklin, K6KA 

line voltage monitor 

It should be of interest to most hams 
to know the deviation from normal line 
voltage available at any time in their 
shack. Several line voltage monitors have 
been described, but these generally have 
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been complicated by incorporating fea¬ 
tures that are not necessarily required. 
Self-calibration, for instance, requires a 
significant increase in the number of 
components as well as requiring high-cost, 
precision items. 

The expanded scale-line voltage moni¬ 
tor I have built reduces the number of 
components significantly and does not 
compromise the accuracy to any great 
extent. As indicated by the schematic in 



fig. 1. Simple expanded-scale line-voltage moni¬ 
tor reads from 115 to 12S volts on a 1-mA 
meter. Calibration is discussed in the text. 


fig. 1, it consists of five active compo¬ 
nents, all of which were scrounged from 
my junk box. 

However, for the recently licensed 
ham who may not have accumulated any 
sort of junk box, the cost of new parts, 
including the Minibox, cord terminal 
strips, etc., is under $7.50 (half of which 
goes for the milliammeter). 

The whole circuit is mounted on ter¬ 
minal strips, so isolated from the chassis. 
Calibration was accomplished on a one¬ 
time basis using a Variac and a Simpson 
vom. With the Variac adjusted for 120 
volts ac, the potentiometer was adjusted 
to give a mid-scale reading. The voltage 
was varied to 115 volts ac and 125 volts 





ac and the meter indication went to 
either end of the scale. 

Intermediate points at 1-volt intervals 
were marked on the face of the meter for 
instant reference. Although a trace of 
non-linearity was detected on the high 
side the line-voltage monitor tracked 
remarkedly well to within a few percent. 

Finally, if it is desired to obtain a 
larger variation (i.e., plus or minus 10 
volts or some other value) a lower value 
zener, 140 volts or lower, may be substi¬ 
tuted. 

Alfred J. Parker, WA8VFK 

two-meter 
power amplifier 

TRW Semiconductors has announced 
the first in a series of reasonably priced, 
npn power transistors designed specifical¬ 
ly for amateur radio equipment. The first 
transistor in the series, the PT5757, pro¬ 
vides 10-watts output at 150 MHz with a 
12.5-volt power supply and is designed 
for operation on the 2-meter amateur 
band. A single PT5757 will boost the 
1-watt output of a 2-meter rig to 10 
watts. A simple circuit is shown in fig. 2. 

The PT5757 can also be amplitude 


single quantities, and is available from 
any TRW distributor or from Ham Radio 
Center, 8342 Olive Boulevard, St. Louis, 
Missouri 63132. 

Jim Fisk, W1DTY 

ic lead former 

In making layouts for printed-circuit 
boards and in using breadboard circuits, 
difficulty has been encountered in con¬ 
necting TO-5 can leads. Since the stan¬ 
dard dual-inline-pack (DIP) configuration 
is very convenient for these applications, 
I decided to use this configuration for all 
ICs. 

To accomplish the above, a lead 
former was constructed by drilling two 
rows of holes, 0.3 inch apart, with holes 
spaced on 0.1 inch centers in a piece of 
scrap printed circuit board stock. To use 
the lead former, the IC leads are inserted 
in appropriate holes, the IC pressed 
down, and the leads trimmed on the 
reverse side of the former. 

In some applications, it is more con¬ 
venient to use alternate holes (0.2 inch 
spacing) to provide additional spacing for 
an 8-lead IC such as the CA3028A. With 
this spacing, an 8-lead IC fits a standard 



fig. 2. 1 0-watt 144-MHz power amplifier using the new TRW PT5757 transistor. Lt is 4 turns no. 20 
enamelled, 3/32” ID; L2 is 10 turns, no. 20 enamelled, 3/32” ID. Transformer Tl is a 4:1 
transmission-Jine transformer made from a 3” length of twisted pair, no. 20 enamelled wire. 


modulated to approximately 60% with¬ 
out damage. Ideal for mobile operation, 
the PT5757 has better than 70% collector 
efficiency at 10 watts and 12.5 volts. For 
hand-held rigs at reduced power, excel¬ 
lent performance can be obtained with 
collector voltages as low as 8 volts. Best 
of all, the PT5757 is priced at $10.00 in 


14-pin DIP socket. For further simplifica¬ 
tion, the unused leads of the IC may be 
clipped off near the can before con¬ 
nection. 

This simple device provides a means of 
forming TO-5 can leads for the experi¬ 
menter, simplifying his layouts. 

Bill Stauffer, W5ICV 
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receiver selectivity 

Dear HR: 

There have been articles over the 
years, and several recently, outlining the 
advantages and desirability of improving 
the front-end selectivity of the receiver. 
To see how a receiver of recent design 
checked in this respect, I checked out a 
Hammarlund HQ-215. This is a solid-state 
version of the Collins 75S receiver. Both 
have a 200-kHz bandpass i-f between the 
first and second mixers. The HQ-215 has 



7.0 MHi 7J MHi 7.2 MHz 

fig. 1. Passband characteristics of the HQ-215. 
See K4ZZV's letter for operating conditions for 
curves 1 and 2. 

three tuned circuits ahead of the first 
mixer — the 75S only two. 

It can be seen from fig. 1 (curve 1) 
that there is quite a wide passband to the 
incoming signals as far back as the second 
mixer input where the signal was record¬ 
ed without age. This was taken with the 
original rf swamping resistors removed to 
help the selectivity as much as possible! 

Curve 2 was run with the i-f swamping 
resistors removed and everything peaked 
up for the band center. There are four 
tuned circuits in the HQ-215's first i-f. 


Nothing was changed in their intercoupl¬ 
ing. Quite an improvement in the selectiv¬ 
ity can be seen. 

The noise figure of the receiver was 
halved with the additional gain so the 
first rf tuned circuit was stepped down 
enough to restore the original noise figure 
which would also improve the front-end 
overload characteristics. It looks like the 
next project should be a vari-cap network 
ganged to the vfo to make full use of the 
improved first i-f selectivity. 

There are receivers that do tune the 
first i-f to their advantage. The Collins 
75A4 is a good example. Getting as much 
selectivity as close to the antenna as 
possible really makes for the ultimate in 
reception. If one wants to confine their 
operation to a few Hz as the fixed- 
channel stations do, or guard a special 
traffic net frequency, a crystal filter at 
the antenna input is just the thing to 
clean things up. Maybe some day a 
variable frequency filter will be developed 
that will do what a few coupled LC 
circuits cannot. 

There are trade-offs in receiver design 
though, and at least one solid-state re¬ 
ceiver uses a tube in the front-end to 
handle the strong signals. It should make 
the old timers happy to know that tubes 
are still being used in modern design. 

Wayne W. Cooper, K4ZZV 
Miami Shores, Florida 

code speed 

Dear HR: 

I certainly enjoyed VE2ZK's recent 
article on code speed, which mentioned 
that the FCC and ARRL use 50-bit words 
such as PARIS to establish the speed, and 
other government agencies use the 60-bit 
word CODEZ. 
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As a series of dots have equal "up- 
key" spaces between them, a string of 
dots is actually a number of dot cycles. 
Thus 25 dot cycles is the same as 50 
continuous bits. This might clarify the 
author's mention of dividing by 25 to get 
the speed. 

However, one of the most simple 
methods of determining speed without 
any mathematics is to merely send con¬ 
tinuous number one (1) characters. Count 
the number sent in 24 seconds and this is 
the wpm for 50-bit rate. For 60-bit rate, 
count the 1's sent in 20 seconds. You 
could also use a digital counter with an 
automatic keyer although some counters 
might give erroneous results on the pulsed 
output of the keyer. Divide the counter 
reading by 25 to indicate wpm. It should 
at least get you in the ballpark, and many 
amateurs own digital counters these days. 

The article was very interesting and it 
is the first time I can recall any author 
attempting to explain the 50- and 60-bit 
words and where they are used. 

Irv Hoff, W6FFC 
Los Altos Hills, California 

attenuation pads 

Dear HR: 

I found the comments by Mike Gold¬ 
stein, VE3GFN, on tuner overload mem¬ 
ory in ham notebook of the January, 
1973, issue, provoking. The problem I 
had was with converter overload when I 
was operating on 6 meters. Two other 
hams in my town who operated on 6 
meters lived within half a block of me, so 
the old tubes of the converter would 
really light up when either of them came 
on. 

I wanted to attenuate incoming signals 
without changing the impedance of my 
receiving system. A T-pad is just the 
device to do that. The Mallory RT-50, a 
50-ohm pad, while designed for audio 
work, performed beautifully for me. As 
an experiment, I put it between my 
Heath Mohawk and the International 
Crystal converter and found that with the 
attenuation control set to zero, signals 
came in stronger on the Mohawk with the 


T-pad in the circuit than without it. I 
attribute this to better impedance 
matching created by inserting the T-pad 
between the converter and receiver. The 
pad would not only be helpful for con¬ 
verter overload due to strong signals, but 
also to receiver overload caused by too 
much converter output. 

The Mallory RT-50 pad comes with 
knob, dial plate, mounting hardware and 
hook-up instructions, and can be ob¬ 
tained from many electronic stores and 
mail-order houses. If you have difficulty 
obtaining one, you can send $3.60 plus 
postage to Scott Electronic Supply Cor¬ 
poration, 4040 Adams Street, Lincoln, 
Nebraska 68504. 

James Worrest, K0HNQ 
Lincoln, Nebraska 


sporadic-E openings 

Dear HR: 

The article on predicting sporadic-E 
openings by Morrie Goldman in your 
October, 1972, issue is quite informative. 
In fact, its usefulness extends beyond the 
author's original purpose. Several times in 
the past 1 have been plagued with spuri¬ 
ous responses in my receiving equipment 
which were caused by the presence of 
nearby high-power paging transmitters. 
Your table 1 will be quite useful in 
chasing down these problems in the 
future. 

A second point which radio amateurs 
should find useful is the direct corres¬ 
pondence between table 2 and our ama¬ 
teur call areas. 

W0, K0 KA, KB W5, K5 KK, KL 

W1, K1 KC, KD W6, K6 KM, KN 

W2, K2 KE, KF W7, K7 KO, KP 

W3, K3 KG, KH W8, K8 KQ, KR 

W4, K4 Kl, KJ W9, K9 KS, KT 

This correspondence makes it unneces¬ 
sary to have to continually refer to the 
chart while monitoring a band opening. 

Lewis D. Collins, K4GGI 
Arlington, Massachusetts 
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motorola vhf-fm radio 
for amateurs 



Motorola, long a leader in two-way 
vhf-fm equipment, has now entered the 
amateur vhf-fm market through their 
subsidiary, Modar Electronics Inc., with 
the introduction of the new Metrum // 
two-meter vhf-fm radio. This radio, which 
covers the 144-148 MHz amateur band, is 
totally solid-state unit with a number of 
unique features. It is offered in 10- and 
25-watt versions, both switchable to 1 
watt. 

The modern, attractively styled line 
features a shadow bronze finish, 12- 
channel capability, the dependable Mo¬ 
torola microphone and field-proved cir¬ 
cuitry. It incorporates a rotary on/off 
volume control, a variable squelch con¬ 
trol, an illuminated control instrument 
panel, detent high-low power, detent re¬ 
peater input and two detent auxiliary 
switches for custom adaption by the 
radio operators. 
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With built-in antenna mismatch pro¬ 
tection, the Metrum II radio will continue 
functioning without damage to the unit 
even if the antenna is damaged, discon¬ 
nected or improperly connected. Reverse 
polarity protection provides added safe¬ 
guards against improper installation. 

A specially designed reversible control 
panel allows the radio to be mounted in 
almost any position while maintaining 
clear visibility of all controls. A universal 
mounting tray permits installation at vir¬ 
tually any location. Indirect, non-glare 
back lighting of the Metrum II control 
panel means all controls can be read 
easily. Optional accessories include ac 
power supply, quarter-wave whip anten¬ 
na, crystals, dimmer mod kit and rf 
indicator kit. 

Manufacturer's suggested list prices for 
the 25-watt, 12-channel model and the 
10-watt, 12-channel model version are set 
at $499.95 and $399.95, respectively. 
For further information on the Metrum II 
fm amateur radio, write to Modar Elec¬ 
tronics, Inc., 2100 North Meacham Road, 
Schaumburg, Illinois 60172, or use 
check-off on page 110. 

fm modulation meter 



The ECM Corporation has announced 
the first commercially available fm modu¬ 
lation meter designed especially for the 
amateur. The ECM-5 covers all ham bands 
between 52 and 450 MHz, and features a 
peak reading meter. Deviation of any fm 
transmitter can be accurately adjusted 
between 5 kHz and 25 kHz in seconds, 
using voice or tone modulation. 


More Details? CHECK-OFF Page 110 



The ECM-5 fm modulation meter 
closely follows the circuits used in profes¬ 
sional equipment except that frequency is 
crystal controlled. This allowed ECM 
engineers to eliminate many expensive 
circuits needed only when frequency 
selection is vfo controlled. The net result 
was a tremendous reduction in price 
without sacrificing quality. The frequen¬ 
cy selecting crystals are the popular, 
subminiature, third-overtone type used in 
many of today's fm receivers. These 
crystals were chosen for their low price 
and availability. 

The peak reading meter has a special 
time-constant circuit that causes the 
needle to deflect upscale rapidly and 
downscale slowly. This allows the needle 
to follow voice peaks and increases the 
accuracy of readings when checking devi¬ 
ation using voice modulation. Other fea¬ 
tures include a builtin or external anten¬ 
na, all solid-state construction, battery 
powered by inexpensive AA pencells, and 
a battery condition indicator. 

The ECM-5 is priced at a low $75.00, 
less batteries and crystals. For more 
information, write ECM Corporation, 412 
North Weinbach Avenue, Evansville, Indi¬ 
ana 47711, or use check-off on page 110. 

multifrequency 

antennas 

An antenna farm in your own back¬ 
yard! That is what Don McVicar, 
VP7DX/VE2WW, has claimed to have 
developed in his new Mark IV, V and VIII 
multifrequency directional wire beams. 
Don has been experimenting many years 
with antennas and has developed an all¬ 
band antenna system which is economical, 
mechanically sound, inconspicuous and 
easy to install. It gives good gains with a 
low angle of radiation at moderate instal¬ 
lation heights. 

Electrically, the Mark IV antenna has a 
minimum theoretical forward gain over a 
reference dipole of about 5.5 d 8 . While 
this is encouraging, consistent forward 
gains of up to 3 S-units have been 
achieved on both transmission and recep- 



* 

■a 

O) 

!■+ 

CD 

3 


"O 

CO 

3 

a. 

5* 

<a 


CD 

* 

GO 


n 3 
a> O 
C+ to 
5* o 

3 » 


ft> 

3 

a 


cd 

to 


o 


ET 

3 

3 

Q> 
3 

S’ 

3 
3 

pc ft) 

" £ 

• o> 

iA 

CL 

CD 

< 

<d_ 

o 

■a 

CD 

Q. 


* i 

O iA 
O TO 
~ 3 " 

iA CD 


C T 
cd 

c 

3 

at 

o 


73 

a 

U1 

00 


ft) 

OQ 

o 

< 

CD 

3 

3 

CD 

3 

r+ 

to 

TO 

TO 


U! 

ID 

o 

o 

3 

3 

CD 

n 


3 

o 

3 


3 

O 

iA 

CD 

n 

c 

-a 


to 

3 

D> 

< 

CD 

o’ 

to 


3 

O 

c 
Cl 
CD 
<A 

iA 

u 

CD 

O 

to 


C <D 
< 3 
CD O 
C 

o OO 
O 3“ 

3 ^ 
& 5? 

CD .. 


00 

o 

'V. 

NJ 

Ol 

o 


ro 

o 

3 

CD 

r* 

CD 

cr 

to 

3 

a 

</> 


o 

? 

CD 


—. 03 


3 

0 ) 

s 

o 

o 

■1 

0 ) 

TP 

0 ) 

3 

CD 

3 


CD 

OQ 

£D 

XJ 

o 

CD 


O 

CO 

5 

73 


3 

to 

ff 

rr 

3 

CD 

CD 

Q. 

CD 

a 


TO 

O 

3- 

to 

E 

CD 


CD 

■"i 

(D 

O 

ft 

V) 

ft 

o 

CD 

C/) 


ft) 


CD 

iA 


H 
cr 

ft) V)' 

ft 

• ft 
3 2 . 


n 

ft) 


CD 
3 

OQ _ 

9 *< 

-H £ 
1 1 
8 8 


vf 

07 

o 




ft) 

CD 

CO 


crq 


CD 

* 


CTQ* ^ 


VI 

o 

—♦» 
CD 
CD 


ft) 

ft) 


CD 

o’ 

CD 




ro 
o 

3 

CD 

—t rf 
ft) CD 


3 

O 

CD 

X 


cr 

to 


5■ 5 


CD 

V) 


w 

3 

ft) 


CD 

3 

3 

ft) 

O 

TO 

CD 


-g ^ 
< S3 

CD 

era 


CTQ 


Send for your antenna to: code HR 

TCI FTRflfJ mRP 2950 Veterans Hwy. 
f LLLf KUPI UURrBohemia, L. 1. r N. Y. 11716 

□ Kit #80-40-20 $29.95 plus $1 shipping 

□ Coils only (pair of 4" dia. special coils) 

$17.95 plus $1 shipping 
(N. Y. residents add 7% sales tax) 

name. 

street.. 

town.zip. 

enclose check with order - we ship UPS upon receipt of order 


More Details? CHECK-OFF Page 110 
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FREQUENCY STANDARD 


Only 

$ 32.50 

Hess batteries! 
POSTPAID USA 


• Precrsron crystal 

• Fully guaranteed 


• Markers of 100, 50, 25, 10 or 5 kHz se¬ 
lected by fronf pane/ sw/fch. 

• Zero ac/f'usf sets to WWV. Exclusive circuit 
suppresses unwanted markers . 

• Compact rugged design . Attractive, com¬ 
pletely self contained . 

• Send for free brochure. 



tion. Don assumes that these low-angle 
gains are due to the sloping inverted-vee 
configuration. On 40 and 80 meters the 
front-to-back and front-to-side ratios are 
from 9 to 20 dB and deep pattern nulls 
are not evident. On 20, 15 and 10 meters 
the front-to-back and front-to-side ratios 
vary between 12 and 30 dB. The feed- 
point impedance is 52 ohms, power capa¬ 
city is 2-kW PEP and the antenna uses a 
single-line, all-band feed system. 

Mechanically the system consists of 
two or more sloping inverted-vee an¬ 
tennas, one-half or 3'/2-wavelengths long, 
fed at their apex through a unique rf 
switch which causes the elements to react 
parasitically on one another. The switch 
is built for heavy-duty outdoor use. The 
antenna wire (not supplied) can be 
number-14 or equivalent, and the system 
tends to be self guying. 


PALOMAR 


BOX 455, ESCONDIDO, CA 92025 


46 Element Multibeam 
For 432 MHz Band 

The ultimate UHF antenna for long dis¬ 
tance communication. #70/MBM 46 



Gain: 17.3 dB over Dipole 
Length: 104"; Width: 18" 
Weight: 6 Lbs. 

Hor. Beamwidth ( — 3 dB: 24*) 


mm 


iNCHUtnmfi ltc 


Broadband — works over entire 
420-450 MHz. Band. 

70/MBM 46 $52.50 FOB 

VHF Communications Magazine 
1974 Subscription Rate $5.75 

Distributor 


k 



LUMMUNILA I lUnlb 

EAST WEST 

915 N. MAIN ST. 53 ST. ANDREW 

JAMESTOWN, N. Y. 14701 RAPID CITY, S. D. 57701 
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The rf switch may be installed on an 
existing rotator shaft beneath a Yagi or 
quad on any mast or tower such as an 
inexpensive 50-foot telescoping mast. For 
more information on this unique antenna 
system, write to World Wide Antennas, 
Box 467, Miami Springs, Florida 33166, 
or use check-off on page 110. 


triggered-sweep 
10 MHz oscilloscope 



The new Eico Model TR-410 oscillo¬ 
scope claims to be the industry's lowest 
priced lab quality, wideband triggered- 
sweep oscilloscope. It is expressly de¬ 
signed for speedy precision servicing, lab 
work, production testing and vocational 
instruction with such advanced features 
as automatic sweep which locks with 
complex tv signals, 10-MHz bandwidth, 

More Details? CHECK-OFF Page 110 







all solid-state design with protected fet 
input stage, and single dual probe to 
convert quickly from direct to 10:1 low 
capacitance operation. The instrument 
may be operated from a standard 120- 
volt line, low 100-volt or 220-230 volts — 
all 50/60 Hz. Included are three calibra¬ 
tion voltages, 2, 5 and 10. The horizontal 
and vertical dc balance controls are 
adjustable with a screwdriver from the 
front panel for convenience and accuracy. 
Included are vertical and horizontal selec¬ 
tion of ac or dc modes of amplification. 
The gate signal is available at a jack to 
enable the operator to synchronize other 
equipment to the trace displayed on 
scope. The astigmatism control is on the 
rear panel because once it has been set, 
readjustment is seldom, if ever, required. 
The removable sides, top and bottom 
provide easier and more accurate servicing 
and calibration. Standard bezel and bush¬ 
ings are provided for camera mounting. 

The new Eico model TR-410 oscillo¬ 
scope is priced at $379.95 and is available 
from your local Eico dealer. For more 
information, use check-off on page 110. 

voltage-controlled 

attenuators 

An economical series of three voltage 
controlled PIN diode attenuators cover 
the frequency range of 5-200 MHz for age 
or leveling or other closed loop applica¬ 
tions. Models VCA-1, 40 dB, 5-100 MHz; 
VCA-2, 30 dB, 5-100 MHz; VCA-3, 20 
dB, 5-200 MHz; are offered. Maximum 
insertion loss is 6 dB. Vswr varies from 
3.0 to less than 1.5:1, depending upon 
the attenuation setting. Rise and fall 
times of attenuation to specified values 
permit wideband modulation of rf signals. 
Units require up to 105 mA supply 
current and less than 5 mA control 
current. Positive or negative supply and 
control voltages may be specified. Con¬ 
nectors available include BNC, JCM (SMA 
compatible) and TNC. For more informa¬ 
tion, use check-off on page 110, or write 
to Radiation Devices Company, Post Box 
8450, Baltimore, Maryland 21234. 



Uses Standard 7447 Decoder- 
driver. Seven Segment Read¬ 
outs. All tested and guaran¬ 
teed. Specs included. Fit stan¬ 
dard 14 pin DIP socket. Full 
.335 inch high. Color, RED. 
Less Decimal $2.00 ppd. 

With Decimal $2.25 ppd. 

With Colon $2.50 ppd. 


Same unit only contains nu¬ 
meral 1 and plus and minus 
sign. $2.25 ppd. 


Gl Printed Circuit type 
bridge rectifiers. 

200 v PIV @ 1.5 A 
50c ea or 3 for $1.25 
400 v PIV @ 1.5 A 
60^ ea or 3 for $1.75 



LED Pilot Lites. 

Full 3/16 inch Dia 
4 for $1.00 ppd. 

JUMBO Seven Segment Readouts. Full .770 
inches high. RED. Uses 7447 Decoder-driver. 
Specs included. 

With Decimal point. $5.00 ppd. 

Same unit only numeral 1 and plus & minus 
sign. $5.00 ppd. 

NEW NEW NEW 

6 foot Koil-Cord with molded 
PL-55 plug. Very nice. 

75<f Each, 3 for $2.00 ppd. 

General Purpose Geranium Diodes. 

Similar to lN34a etc. 16 for $1.00 ppd. 

All Cathode banded. 100 for $5.00 ppd. 

Full leads. 1000 for $40.00 ppd. 


NEW 

Transformer — American Made — Fully shield¬ 
ed. 115 V Primary. Sec. — 24-0-24 @ 1 amp 
with tap at 6.3 volt for pilot light. 

Price — A low $2.90 each ppd. 


400 Volt PIV at 25 Amp. Bridge 
Rectifier. 

$4.00 ea. or 3 for $10.00 ppd. 





6.3 Volt 1 Amp Transformer. Fully Shielded 

$1.60 Each ppd. 


NEW 

JUST ARRIVED — Transformer, 115 VAC pri¬ 
mary, 18 volt, 5 amp ccs or 7 amp inter¬ 
mittent duty secondary $6.00 ea. ppd. 


NEW NEW 

TRANSFORMER. 115 volt pri- 
mary, 12 volt V 2 amp second¬ 
ary. $1.50 ppd. 




Featherweight TO-5 Heat Sinks 
2 for 25^ ppd. 


Major Brand 2N706 Transistors. 
_3 for $1.00 ppd. 



Miniature Terminal Strips. 
1" Long x %" High, 3 
Term, plus Ground 
_20 for $1.00 ppd. 


SEND STAMP FOR BARGAIN LIST 
Pa. residents add 6% State sales tax 
ALL ITEMS PPD. USA 


} 

m. uiemsdienker 

j K3DPJ BOX 353 • IRWIN, PA. 15642 
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• Get Ratot Sharp talociNiiy Horn any receiver or trantcetvar 

• EUlremety hlQh thirt rejectioo 

• Drastically reduces eM baehg*ound none 

• No audlbte ringing 

• No impedance maiehlng 

• Ultra modern aciive llliar detign utat iC'e tor tuper high performance 

We have *hil |hmk *a the finest CW titter available- anyabef* The 80 Hi ae’ecfm 
t T with i|a stoop i*u»K e«lt aitcm you to p«c* out one signal and eliminate ait 

other QHM and ORN Simply plug «! <nw the phone ja-Ck or connect «t to the speake* 
terminals Ql any *ece<va* Of transceiver and use headphones. small Speaker (w 
speaker ampfrtrer {letter yet. connect »t beiwoan any audm stages to ta»e advantage 
0! the built in rcc«i*gr audio amplifier 

Uuitd the 2"»3 CWF*? PC card into your receiver or get the sett contained and ready 
to use CWF-2BX and plug *n» 

SPECtrtCATIONS 

BANDWIDTH ftO Ml. T10 Hi, 180 Hi {Switch seiecfahifl? 

SKIRT REJECTION At least 00 db down t ocrave 1#om center treduency to* 

80 Hi bandwidth 
CENTER FREQUENCY ?S0 Mi 

INSERTION tOSS None Typical gam 1 2 at 100 Hi BW. t S a! HO »♦.* BW 2 * 
at 80 Hi 0W 

INOiViOUAi STAGE O * imimmiies nngingi 
IMPEDANCE iEVEtS No impedance matching reguned 
POWER REQUIRED CWF<2 ft .oils 12 ma Mo 30 .oil* li mil. CWF-3BX 
standard 9 volt transistor radm battery 

DIMENSIONS . CWf -2 2 ‘«3 PC board. CWf 20 x 4 .3 1/4 .2 .1> IA 

Ibtack w*nht« steel top. white aluminum batten* (ubbe* feel? 

TRy this, fantastic CW title* I* you don t th.nv it ♦» the best you have ever U Mn i 
ask tor you* money back We W»H i: bee 1 fully refund *1 These filter* carry a full 
ohe year warranty 

wmm te* MKft tMCltom mhA ffv* 9 »lHw lei 1 Otter »C set** llltwv •*wl*U« CW tiller .* s*»ri 

!»•» tutt (Uti and naan hm]|iail Mt«» Auilm «n»*Mtf>*r» I. ■•Ill Crytlvl tvUiiee 

MFJ ENTERPRISES 

P O. Bo* 4M A, Mttmiippt Stale, MS 397G2 


FREE CATALOG 

CRAMMED WITH GO VT SURPLUS 
ELECTRONIC GEAR 


WRITE TODAY* 


BC 341 RADIO RECEIVER 

200 500 Kc & 15 18 Me, 8Tube 

6 8andCommunications Receiver, Excel¬ 
lent Used, with lubes end Dy ne motor 
Checked out |$58.5Cfl 



J£**^*C* AKNUU 


As part of an expanding line of quality 
vhf/uhf products, Janel Labs has an¬ 
nounced a series of 432-MHz preamps. 
Four models are available, offering low 
noise figures in a choice of two price 
ranges, each having the option of an ac 
power supply. Models without power 
supply (432PA and 432PC) have a com¬ 
pact sheet aluminum enclosure while 
those with power supply (indicated by 
the suffix -1) feature a rugged cast- 
aluminum case. 

The gain of all models is an ample 20 
dB. The 3-dB bandwidth is about 20 
MHz. Stock units can be supplied for any 
center frequency between 420 and 470 
MHz. Other frequencies are available on 
special order. 

The basic circuit is a two-stage ampli¬ 
fier. This uses a KMC bipolar transistor 



BC-M3FM RECEIVER 

Converted for 35-50 mHz. 10 preset pushbutton 
channels or manual tuning. Complete with 10 
tubes, checked out, like new.$36.50 

AC Power Supply, New...$14.95 

DM-34 12V Power Supply, New. $ 4.45 

DM-36 24V Power Supply, Exc. Used......... $ 2.25 

Technical Manual....,. 3 2.50 

Set of 10 tubes for 8C-603 Receiver. $ 5.95 

IO-34A CODE KEYER. solf-conroiood, outomotic, 
rapvoducat coda pfoctica tignoli from papa* N»pa. 

5 to 1? WPM foilt-in ipaolia*. frond now w#»h tach 
manual, fokaup raal and AC lin« cord. ’gaT 

Coda proctica topat for obo*« P.U.R. |y^***^” 

BC-I206-C RECEIVER Aircraft Saocon Ha- 
caivar 200 to 400 Kc. Oparot** ftom 24V DC t.5A, 
Continuous tuning, vol control, on-off iwilrh ond 

phone jock. Vary saruitiv*. Compoct. . 

Complete with tubal, NFvV.... .isia.sol 


APN-1 FM TRANSCEIVER 400-500 Me. $9.95 
R-4/ARR-2 RECEIVER 11 TUBE, NEW, $8.95 


G&G RADIO ELECTRONICS COMPANY 

145-47 Warren St. (Depl. H-D) New York, N.Y. 10007 212-267-4605 

IEHVS * OH NVf w-I** .t.ar. J>.»1 i»t f t OSJ '*■*•-* 

'i*H MINIMUM OMOE« IV OO in \t*t t"<s in M.r * r» .** „• 



first stage and a 3N159 dual-gate mosfet 
second stage. The 432PA uses a K2073 
first stage to produce an outstandingly 
sensitive 3.5-dB noise figure. The 432PC 
uses the new K6007 to achieve an ex¬ 
tremely sensitive 1.5- to 2.0-dB noise 
figure. The low cost 432PA and 432PA-1 
are expected to see wide use for 450-MHz 
fm as well as for general purpose applica¬ 
tions such as DX, ATV, and OSCAR. 

The 432PC and 432PC-1 meet the 
needs of the most demanding applications 
such as moonbounce and weak-signal CW 
work. Prices range from $29.95 for 
432PA to $94.95 for the 432PC-1. All are 
postpaid and guaranteed. For more in¬ 
formation, write to Janel Laboratories, 
Box 112, Succasunna, New Jersey 07876, 
or use check-off on page 110. 
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rf directional couplers 



RF Power Labs have introduced a new 
line of low-cost miniature wideband rf 
bidirectional couplers which should be 
very useful to amateurs who build their 
own high-frequency and vhf equipment. 
These versatile couplers can be used for 
power sampling for waveform monitoring 
and power level checkpoints, for load 
impedance and vswr measurements, and 
for direct readout of forward and re¬ 
flected power over wide frequency ranges 
with excellent accuracy. Units are avail¬ 
able in both dual-inline packages and flat 
pak configurations, and are capable of 
handling rf power levels up to 3 watts 
over their specified bandwidth. 

Four models of the bi-directional 
coupler are available: the DC-14/14A, 
covering 2 to 300 MHz; the DC-14B/14C, 
covering 1 to 300 MHz; the DC-14D, 
covering 500 kHz to 100 MHz; and the 
DC-14E, covering 50 kHz to 100 MHz. 
Prices in small quantities range from 
$13.90 to $15.90 each. For more infor¬ 
mation, write to R.F. Power Labs, Inc., 
92 - 104th Ave. N.E., Suite 103, Bellevue, 
Washington 98004, or use check-off on 
page 110. 

digital catalog 

ES Enterprises has announced the 
availability of a new 6-page catalog that 
describes their total line of digital 
products. Standard products include low 
cost programming instruments and con¬ 
trols, timers, clocks, counting and 
measuring devices. Also included is a 
complete listing of their modular display 
units for custom digital instrumentation 


NEW 


RINGO 

RANGER 

for Amateur FM 

Get extended range 
with this exciting new 
antenna. A one eighth 
wave phasing stub and 
three half waves in 
phase combine to con* 
centrate your signal at 
the horizon where it 
can do you the most 
good. 

6.3 dB Gain over % 
wave whip 



4.5 dB Gain over y 2 
wave dipole 

ARX-2 146*148 MHz 

$22.50 

ARX-450 435-450 MHz 
$22.50 

ARX-220 220*225 MHz 
$22.50 

Extend your present 
AR-2 Ringo with this 
RANGER KIT. Simple in¬ 
stallation. 

ARX-2K . ....$8.95 


LS 


IN STOCK AT 

YOUR LOCAL DISTRIBUTOR 



CORPORATION 


6/ M A y w A R 0 STREET 

M A N C H E 3 ^ t N h C 3 I 0 3 


More Details? CHECK-OFF Page 110 


January 1974 EB 75 




6T-HR2 



6 frequency crystal deck 
Improved circuit board, layout 
and foil. 

INCREASES THE REGENCY HR-2 OR HR-2A RADIOS 
TRANSMIT CAPABILITY TO SIX ADDITIONAL FRE¬ 
QUENCIES. NO MAJOR CHANGE HAS TO BE MADE TO 
THE RADIO WHEN INSTALLING THE 6T-HR2 DECK 

KIT $ 9.95 WIRED $13.95 


HF144U MOS FET PREAMP 


OUR FAMOUS 2-METER PRE-AMP STILL OUTSTANDING 
IN THE HIGH BAND PRE-AMP FIELD GIVES 17dB OF 
AMPLIFICATION WITH ONLY 3dB OF NOISE INSERTION. 


$11.95 


WIRED 


$17.95 


SCAN-2 


with search back 


and a section outlining their digital clock, 
multimeter and frequency counter kits. 

The catalog contains descriptions of 
basic features, custom capability, stan¬ 
dard options and warranty information. A 
price list and ordering instructions accom¬ 
pany the catalog. For a copy of the 
catalog, write to ES Enterprises, 10418 
La Cienega Boulevard, Inglewood, Calif- 
fornia 90304, or use check-off, on page 
110 . 

general-coverage 

receiver 


DECKS MOUNTS IN HR-2 WITH OUT ANY MAJOR MOD¬ 
IFICATION TO THE RADIO. GIVES USER A SCANNING 
TYPE RA010 AT A FRACTION OF THE COST. INCORPOR¬ 
ATES "SEARCH BACK" A NEW AND EXCITING FEA- 
TURE TO SCANNING TYPE OPERATION. 


WIRED ONLY $19.95 




Up to ten crystal-tuned frequencies 
can be preselected for drift-free auto¬ 
matic tuning on the latest high-quality 


For 

J FREQ. 
STABILITY 


H \\ Depend on JAN Crystals. 

U u Our large stock of quartz 

crystal materials and components assures Fast 
Delivery from us. 

CRYSTAL SPECIALS 

2-METER FM for most Transceivers ea. S3.75 
144-148 MHz — .0025 Tol. 

Frequency Standards 

100 KHz (HC 13/U) 4.50 

1000 KHz (HC 6/U) 4.50 

Almost all CB Sets, Tr. or Rec. 2.50 

(CB Synthesizer Crystal on request) 

Any Amateur Band in FT-243 1.50 

(80-meter, S3.00 - 160-meter not avail.) 4 lor 5.00 
For 1st class mail, add 20C per crystal. For 
Airmail, add 25c. Send check or money order. 

. No dealers, please. 



Division of Bob Whan 
& Son Electronics, Inc. 
2400 Crystal Drive 
Ft. Myers. Florida 
33901 

All Phones 
(813) 936-2397 


Send 10c for new catalog with 12 oscillator 
circuits and lists ol frequencies in stock. 


general-purpose communications receiver 
from the British firm of Eddystone. The 
Model 1001 receiver has the unusual 
feature of a rechargeable internal power 
supply, consisting of a nickel-cadmium 
cell, which serves as a temporary standby 
in case of main circuit failure. The set will 
also work off an external 12V dc battery 
supply. 

Covering frequencies from 550 kHz to 
30 MHz, the set incorporates automatic 
gain control, wide/narrow selectivity con¬ 
trol, carrier-level meter and both coarse 
and fine tuning knobs. 

Frequency calibrations for tuning are 
marked on a horizontal scale drum which 
splits the 550-kHz to 30-MHz range into 
five bands. The scale display is about 
6 -1/2” long; a secondary scale below the 
main calibration can be used in conjunc¬ 
tion with a vernier dial to provide a useful 
logging facility. Dial illumination can be 
switched on and off. 

Aimed at the serious radio amateur, 
short-wave listener and DXer, the Model 
1001 is designed to the most stringent 
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professional specifications, and incor¬ 
porates a variety of solid-state devices 
including integrated circuits and field- 
effect transistors. It drives its own pair of 
miniature speakers, and has output facili¬ 
ties for headphones, external speaker and 
tape-recorder. Price of the Model 1001 is 
about $900 delivered, including duty and 
taxes. The North American distributor 
will welcome inquiries from U.S. cus¬ 
tomers and prospective dealers. Write to 
Conway Electronic Enterprises Ltd., {Mr. 
J.W. Cave, General Sales Manager) 88/90 
Arrow Road, Weston, Ontario, Canada, or 
use check-off on page 110. 

radio transmitter 
principles and projects 

Amateur radio operators, communica¬ 
tions technicians and transmitter experi¬ 
menters will profit from this new and 
completely up-to-date book by Ed Noll, 
W3FQJ. Devoted entirely to the subject 
of radio transmitters, this book also is 
perfect for those studying for the various 
grades of amateur or commercial FCC 
license examinations. 

The first three chapters contain infor¬ 
mation on electron devices — the fet, 
bipolar transistor and the vacuum tube. 
Different modes of modulation — CW, 
a-m, fm and ssb — are discussed in other 
sections. Chapter 4 describes hybrid 
transmitter circuits using tubes and tran¬ 
sistors. Double-sideband and single-side- 
band generation and circuits are covered 
in Chapter 5. There is a chapter on linear 
amplifiers and mixers; another explains 
integrated circuits. The final three chap¬ 
ters cover vhf circuits, frequency modula¬ 
tion and transmitter testing. 

Each chapter begins with basic princi¬ 
ples and advances to more detailed infor¬ 
mation. The projects are based on the 
basic principles and are designed to fur¬ 
ther the reader's understanding through 
actual experience. They also provide the 
radio amateur with complete plans to 
build his own gear. 320 pages, $6.95 
(softbound). Order from Comtec Books, 
Greenville, New Hampshire 03048. 
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The first two issues of HR Report are 
now off the presses and in the hands of 
subscribers around the country. If you 
want to know what's happening behind 
the scenes in amateur radio, and rapidly, 
as the news breaks, HR Report is the only 
way to do it. For example, did you know 
that we will probably lose the upper 2 
MHz of the 420-MHz band (448 to 450 
MHz) to the Emergency Medical Service? 
Did you know that the ARRL's first 
ten-meter contest was a partial success, 
with openings to Africa and South Pa¬ 
cific? Did you know that more than 500 
two-meter repeater licenses have been 
issued by the FCC, nearly clearing up the 
backlog? Did you know that a large 
variety of quality-made coils, chokes and 
terminal boards, packaged for the ama¬ 
teur, are now available from Cambridge 
Thermionics Corporation (CTC)? These 
are just some of the items covered in 
detail in recent issues of HR Report. For 
subscription details for this new bi-week¬ 
ly amateur newsletter, look on page 72. 

This month we will kick off the latest 
project of our more for 74 program, an 



Automatic License Renewal Service for 
all FCC-licensed amateurs (except No¬ 
vices), subscribers to ham radio or not. 
The cost to you? Absolutely nothing, 
except for the effort to open an envelope. 
It will work like this: 60 to 90 days 
before your amateur license is due to 
expire you will receive in the mail a copy 
of FCC Form 610 plus a supplementary 
instruction sheet prepared by our staff 
which will include some info on such 
things as renewal fees, operating after 
your license expires if you filed a timely 
renewal application, etc. All you have to 
do is fill out the Form 610, enclose your 
check or money order, and mail it back 
to the FCC. 

No last-minute scurrying around to 
find the proper form, or discovering that 
your license expired a month ago. How¬ 
ever, for the Automatic License Renewal 
Service to operate successfully, your cor¬ 
rect address must be on file with the FCC 
as required by the regulations. If you 
have moved since you last renewed your 
amateur license and the FCC does not 
have your current address you will not 
receive your License Renewal packet. It's 
as simple as that. 

Early this month the first Automatic 
License Renewal packets will be in the 
mail to amateurs whose licenses expire in 
March and April, 1974. In early March 
License Renewal packets will be mailed 
to amateurs whose licenses expire in May. 
From then on mailings will be made the 
first of every month so you should 
receive yours at least 60 days before your 
license expires. 

Jim Fisk, W1DTY 

editor-in-chief 
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solid-state 


transmitting converter 


for 144-MHz ssb 


Complete 
construction details 
for a solid-state 
transmitting converter 
that provides 
more than 
30-watts output 
on two meters 


In the past few years numerous articles 
have been published describing tran¬ 
sistorized fm and CW transmitters and 
class-C power amplifiers for use in the 
144- to 148-MHz band. However, there 
has been a noticeable lack of information 
covering single-sideband applications or 
linear transistor amplifiers, due primarily 
to the problem of generating reasonable 
amounts of power in linear amplifiers 
operating in the vhf region. 
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When my faithful but venerable tube- 
type two-meter ssb transmitter started to 
show its age, I began to investigate the 
possibilities of replacing it with a solid- 
state unit. A review of the published 
literature and manufacturers' data indi¬ 
cated that there should be no major 
obstacles up to the 1-watt level, but I 
found little encouragement to attempt 
the 30- to 35-watt output I was seeking. 
Fortunately, I had available a substantial 
quantity of vhf power transistors, de¬ 
signed for class-C service, with which to 
experiment. This article will show that it 
is entirely feasible to operate vhf power 
transistors as linear amplifiers, using tech¬ 
niques which are well within the capabili¬ 
ties of the serious vhf experimenter. 

prerequisites 

My needs were to generate a minimum 
of 30 watts PEP between 144 and 146 
MHz, using my high-frequency ssb trans¬ 
mitter as the basic exciter. This dictated 
using the 28- to 30-MHz output from the 
transmitter in order to cover a 2-MHz 
range without changing the local- 
oscillator frequency in the transmitting 
converter. However, a close examination 
of the mixing scheme revealed one dis¬ 
maying problem—operation at 145 MHz 
requires the ssb input to be at 29 MHz, 
and the fifth harmonic of 29 MHz is also 
145 MHz, which is most undesirable. 
Since most mixers are excellent harmonic 
generators, I had to find one that was 
not. Luckily, the double-balanced mixer 
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has excellent characteristics in this re¬ 
spect, thus eliminating one stumbling 
block, 

I also decided that if I were going to 
have major problems (more than just the 
expected ones), there was no point in 
constructing the entire unit, and that if a 
problem was to prove insurmountable, it 
would show up before the final stage. 
Therefore the logical approach would be 
to build up the circuit to the driver stage, 
and then cover the final amplifier as a 
separate subproject. As it turned out, this 


values may be found in reference 1 or any 
standard reference text. 

I used a double-balanced mixer board 
which had been given to me because of a 
broken wiring trace. Its characteristics are 
identical to several inexpensive mixers 
now available, such as the Anzac MD108, 
Mini-Circuits SRA1, and Vari-L DBM166. 
Any one of these will be suitable, as 
would be the more expensive Hewlett- 
Packard or Relcom models. I have re¬ 
commended the Anzac mixer in the parts 
list for fig. 2, since it is the least costly 


28-30 

MHt 

SSB 

tNPUT 



fig. 1. Block diagram showing approximate stage gains and peak-envelope-power levels throughout 
the converter. Output power and gain of the final stage depend on the type of transistor used and 
the collector supply voltage. 


was a fortunate decision, since it allowed 
me considerable flexibility in designing 
the final stage. 

driver unit 

A complete block diagram of the 
transmitting converter appears in fig. 1, 
showing the approximate stage gains and 
power levels throughout the circuit. The 
schematic of the driver unit is shown in 
fig. 2. The 28- to 30-MHz ssb input is 
applied to the RF (/?) input port of 
double-balanced mixer Z1, and should 
not exceed -3 dBm (0.5 mW) to keep 
distortion products to a minimum. The 
50-ohm pad formed by resistors R1 
through R3 has been included to insure 
proper termination of the transmission 
line from the SSB exciter and to provide 
the mixer with a 50-ohm source. Values 
have not been specified for the pad 
resistors, since the required attenuation 
will depend on the output power of the 
exciter and the amount of attenuation 
present in your external power attenu¬ 
ator. The total loss in the two attenuators 
must be sufficient to limit the input to 
the mixer to the specified 0.5 mW. Design 
equations for calculating the resistance 


and is directly available from the manu¬ 
facturer in single-lot orders. 

In order to achieve minimum loss 
through the mixer, a local-oscillator signal 
of at least 7 dBm (5 mW) is required. This 
is easily obtained from a 2N3563 operat¬ 
ing in a Miller oscillator circuit which uses 
a 116-MHz overtone crystal. The oscilla¬ 
tor output is taken from a tap on the 
collector coil, chosen to provide maxi¬ 
mum power transfer to the mixer. 

The output of the mixer is obtained at 



Top view of the driver unit and MSA7503 final 
amplifier. The metal disc is the heat sink for the 
driver transistor; top-hat heat sinks are used on 
the 2N4427 and FMT4170 transistors. The 
1N4001 and 1N4719 diodes are inside the 
clamps on the driver and amplifier mounting 
studs, respectively. 
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the i-f (X) port and is applied to a 
double-tuned top-coupled filter, resonant 
at 145 MHz. The Q of each tuned circuit 
and the coupling coefficient have been 
selected for a bandwidth of approximate¬ 
ly 4 MHz. The input and output taps on 
LI and L2 provide impedance matching 


additional .01-juF emitter bypass capaci¬ 
tor were included to suppress a tendency 
of this stage to oscillate. The output of 
the 2N4427 is matched to the base of 
transistor Q1 by means of a trimmer 
capacitor tapped down on the collector 
coil. 



C1,C3 

1.5-20 pF compression trimmer 
(Arco/EI Menco 402) 

L6 

copper strap, 1 l M” long x 3/16” 
wide 

C2,C4 

7-100 pF compression trimmer 

L7 

3 turns no. 16, V*” ID, 5/8” long 


(Arco/EI Menco 423) 

L8 

*25 turns no. 26E wound on Mi¬ 

L1.L2 

4 turns no. 20, ‘/a” ID, i/z” long, 


crometals T37-3 core 


tapped l /a turn from ground end 

Q1 

♦Fairchild FMT4170, RCA 

L3 

5 turns no, 20, x h" ID, 3/8” long. 


2N5913, or Motorola HEP-53001 


tapped Vz turn from supply end 

Q2 

♦Fairchild MSA8507 or CTC B12- 

L4 

6 turns no. 20, ID, Vz" long. 


12 


tapped 1 turn from supply end 

R1,R2,R3 

see text 

L5 

6 turns no. 20, V*” ID, Vz” long, 
tapped Vz turn from supply end 

Z1 

♦double-balanced mixer (Anzac 
MD108 or equal) 


fig. 2. Schematic diagram of the driver unit. Sources of asterisked items are listed in the appendix. 
All 1-10 pF capacitors are piston type. 


into and out of the filter. Total loss 
through the mixer and filter is about 8 
dB. 

Another 2N3563 follows the mixer, 
configured as a conventional class-A amp¬ 
lifier. The output of the 2N3563 drives a 
2N4427 amplifier, which also operates 
class A. The RLC network between the 
collector and base of the 2N4427 and the 


Several types of transistors were tried 
at Q1, all with some degree of success. 
The best of these was found to be the 
Fairchild FMT4170, although the lower- 
priced 2N5913 or HEP-S3001 (in that 
order of preference} should also be satis¬ 
factory. This stage operates closer to 
class-AB than class-A to keep the trans¬ 
istor power dissipation within acceptable 
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limits. The RC network between the 
collector and base improves the linearity 
of the stage. Parasitic oscillations in the 
hf region are suppressed by the 10-£(H rf 
choke in parallel with a 10-ohm resistor, 
plus the large bypass capacitors in the 
collector supply circuit. 


To prevent thermal runaway of the 
transistor, the base current is controlled 
by a 1N4001 diode which is thermally 
coupled to the transistor case. This is 
physically accomplished by mounting the 
diode on the stud of the transistor so that 
it follows the temperature of the device. 



144 -146 MHz OUTPUT 
TO AMPLIFIER 


The driver stage was designed around a 
Fairchild MSA8507 vhf power transistor 
which is characterized only for class-C 
operation. The transistor is forward 
biased into class AB operation by means 
of a bias circuit described by Roy Hejhall, 
K7QWR. 2 Quiescent collector current is 
set by adjusting the base bias by means of 
the 100-ohm adjustable resistor. 

It is essential that there be approxi¬ 
mately one-half ohm dc resistance be¬ 
tween the base and bias source for the 
bias circuit to operate properly. I used a 
1.8-juH rf choke from my junk box 
because it had a resistance of 0.6 ohm. 
Any choke having an inductance between 
0.47 and 2 /jtH will be satisfactory, 
provided that it has the required resis¬ 
tance. Otherwise a resistor may be in¬ 
serted between the rf choke and the bias 
source to make the total resistance about 
0.5 ohm. 


Therefore, as an increase in transistor 
temperature tends to increase the base 
and collector currents, the increase in 
diode temperature causes the base bias to 
decrease, thereby reducing the base and 
collector currents to the equilibrium val¬ 
ues set by the bias-adjust resistor. 

The collector-to-base RC linearizing 
network and the collector-supply hf 

table 1 .Characteristicsof the Fairchild MSA8507 
transistor at 175 MHz with 12-volt collector 


supply. 


p out 

12 watts minimum 

Pin 

3.5 watts maximum (at rated P ou t) 

z in 

1*5 + jl.3 ohms 

^out 

3 “ j2.7 ohms 

Ccb 

35 pF (at 1 MHZ) 

bv CES 

36 volts 

v CEO 

18 volts 


2.0 amperes maximum 

Pd 

22 watts 
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parasitic-suppression network are both 
similar to those used in the preceding 
stage. Power is coupled into and out of 
the transistor by means of conventional 
T-networks, resulting in an output from 
this stage of approximately 6 watts PEP 
when fed into a 50-ohm load. 


lizing resistors. The circuit is shown in fig. 
3. The first obvious question is why a 
nominal 28-volt transistor was used when 
the rest of the converter uses 12-volt 
devices. The answer is equally obvious 
when you look at the typical characteris¬ 
tics of 12-volt, 50-watt transistors—they 


INPUT 

FROM 

DRIVER 




rt 


duHL 

sow 



+ 20 TO +26V 



fig, 3. Schematic diagram of the final amplifier which uses a high-conductance diode to control base 
biasing. Details of the parts identified by reference designators appear in table 2. 


Unfortunately, the Fairchild 
MSA8507 is no longer in production, 
although there may be some to be found 
as old stock or at surplus outlets. How¬ 
ever the B12-12, manufactured by Com¬ 
munications Transistor Corporation, has 
similar characteristics and should be as 
good, if not better. For those interested 
in trying other transistors, the pertinent 
characteristics of the MSA8507 are listed 
in table 1. Reference 3 contains the 
design equations for the input and output 
networks, which must be redesigned if 
you use a transistor having input and 
output impedances substantially different 
from the MSA8507 or B12-12. 

final amplifier 

Two different amplifiers were de¬ 
signed, built, and operated on the air. The 
first uses a transistor characterized for 
class-C service in the 100- to 175-MHz 
region and having internal emitter stabi- 


do not have the necessary power gain. 
And as will be seen later, the dual voltage 
requirement is not a major problem. 

The circuit configuration is similar to 
that used in the driver stage, and uses a 
Fairchild MSA7503 transistor. The input 
and output networks are designed to 
match a 50-ohm source and load, respec¬ 
tively. As with the MSA8507, the 
MSA7503 is also out of production. 
However, the technique of placing a 
50-watt transistor in linear service, when 
it was designed for class-C operation, may 
be of interest. The bias circuit is the same 
as previously described for the driver 
stage, except for one minor difference. 
Because of the relatively large value of 
base current, an rf choke having less 
inductance but using larger wire was used 
in the base circuit. Therefore a 2-ohm 
resistor was added between the choke and 
bias source to provide an empirically de¬ 
termined optimum value of resistance. 
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The transistor operates as close to true 
class B as possible. That is, the base is just 
barely forward biased, so that the quies¬ 
cent collector current is 2 or 3 mA, 
Considering that the peak dc collector 
current is about 2 amperes, that is truly 
class B. All attempts to increase the static 
collector current resulted in catastrophic 
failure of the device when excitation was 
applied, probably caused by secondary 
breakdown. (See reference 4 for a discus¬ 
sion of this phenomenon.) However, as 
long as the static collector current is 
limited to 3 mA or less, the amplifier is 
stable, reliable, and entirely satisfactory. 
The output powers obtained at collector 
voltages between 20 and 26 volts are 
shown in fig. 4. 

A second amplifier was then designed 
and built, using a commercially available 
transistor and a different biasing scheme. 
A TRW PT6727 is used in the circuit 
shown in fig. 5. This transistor is emitter- 
ballasted and is designed not only for CW 
operation at 150 MHz, but for a-m service 
as well. 

The heart of the bias network in this 
circuit is a device called a byistor, which 
is manufactured by Communications 
Transistor Corporation, and shown in fig. 
5 as a Y-shaped symbol (originated by 
CTC) with its type designation BYl.The 
byistor acts as a low-impedance dc bias 
source and consists of a diode and silicon 
resistor; fig. 6 shows the internal arrange¬ 
ment. The device is packaged in a ceramic 
stripline configuration, identical to that 


table 2, Inductors and capacitors used in the amplifier 
circuits of figs. 3 and 5. Numbers in parentheses follow¬ 
ing the capacitance values are Arco/EI Menco part 
numbers. 


G101 

C101 
Cl 02 
C103 
C104 
LI 01 

LI 02 

LI 03 

LI 04 


MSA7503 

1.5-20 pF (402) 

7-100 pF (423) 
same as C102 
same as C102 
V? turn no. 18, 3/8” 
ID, 1 Va lead length 
1 turn no. 14, 3/8” 
ID, 1V4” lead length 
7 turns no. 20, 3/16” 
ID, 3/8” long 


PT6727 

7-100 pF (423) 
24-200 pF (425) 
3-35 PF (403) 

2-25 pF (421) 
copper strap, 1” 
long, 3/8” wide 
3 turns no. 14, 

1 / 4 ” ID, 1 / 2 ” long 
7 turns no. 20, 
3/16” ID, 3/8” long 


35 turns no. 20E wound on Micrometals 
T80-2 core 


used for rf power transistors, and is 
meant to be mounted on the same heat 
sink as the transistor for temperature 
tracking. The diode is fabricated using the 
same material, geometry, and diffusion as 
an rf power transistor, so that it will 
thermally track the transistor. Tracking is 



20 22 24 26 

COLLECTOR VOLTAGE 


fig. 4. Outputs obtained from the Fairchild 
MSA7503 and TRW PT6727 transistors, plot¬ 
ted against collector supply voltage. These 
curves are not to be construed as indicating 
relative gains, since the drive power and tuning 
were optimized for each transistor at each value 
of collector voltage. 


further improved by the temperature 
characteristics of the silicon resistor. 

A constant current of approximately 
350 mA is applied to injector terminal /, 
causing the diode to act as a voltage 
source having about 0.3 ohm impedance. 
The silicon resistor adds approximately 
0.7 ohm and increases the apparent 
source impedance to approximately 1 
ohm at supplier terminal S. The voltage at 
the supplier terminal will be between 
0.45 and 0.85 volt, depending on the 
current being drawn from S and the 
temperature of the device. Thus, if a 
variable resistor is connected between the 
supplier (S) and reference (R) terminals, 
the supplier voltage can be adjusted. This 
is accomplished by the 4.7-and 100-ohm 
resistors shown in fig. 5 ; a single 5-ohm 
adjustable resistor could be used, but a 
4.7-ohm, half-watt resistor in parallel 
with a printed-circuit type trimmer po¬ 
tentiometer provides finer control. 

As the temperature of the byistor 
increases, the resistance of the silicon 
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resistor increases and the diode voltage 
decreases. This results in an increase in 
the apparent source impedance and 
lowers the bias voltage at the supplier 
terminal. Consequently, the base current 
of the associated transistor is reduced, 
preventing thermal runaway and provid¬ 
ing improved dc stability of the amplifier. 
A more rigorous explanation of the 
byistor, with temperature-characteristic 
curves, appears in reference 5. 

Aside from the biasing arrangement, 
the amplifier circuits of figs. 3 and 5 are 
identical. Different values of inductance 


appear in fig. 4, plotted against collector 
supply voltage. 

power supplies 

The low-power stages require a 12- to 
12.6-volt dc source which is capable of 
supplying approximately 1.5 amperes at 
peak power output. The MSA7503 final 
amplifier draws about 2 amperes, while 
the PT6727 requires a 2.5-ampere supply, 
both values being the peak current. Both 
of the supplies must be reasonably well 
regulated because of the varying load 
inherent in ssb operation. 



fig, 5. Schematic diagram of the final amplifier which has its base bias controlled by the CTC byistor. 
Details of parts identified by reference designators appear in table 2. 


and capacitance in the input and output 
networks are required for each type of 
transistor, but either transistor can be 
used in either circuit. However, the im¬ 
proved construction of the PT6727 per¬ 
mits class-AB operation, which reduces 
the intermodulation distortion products 
to some extent. Table 2 contains 
inductance and capacitance data appli¬ 
cable to either circuit, for each type of 
transistor. 

The PT6727 appears to be somewhat 
better than the MSA7503 in terms of 
power gain, output, and distortion 
products, which is to be expected in view 
of its intended application. The power 
outputs obtained from the PT6727 


A convenient way to obtain the two 
supply voltages is to use a 20- to 26-volt 
supply capable of providing the total load 
current, and incorporate a simple regula¬ 
tor circuit to drop the voltage to the 
nominal 12 volts required for the driver 
unit. Such a regulator is shown in fig. 7. 
The value of dropping resistor R will 
depend on the input supply voltage, and 
may be calculated from the equation 
shown on the diagram. 

If the 20- to 26-volt supply is regu¬ 
lated with a circuit similar to or better 
than that shown in fig. 7, the 12-volt 
regulator is more than adequate for local- 
oscillator stability. Purists may want to 
add a 10- or 11-volt zener diode at the 
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local oscillator for additional regulation, 
but it was found to be unnecessary. 

construction 

Construction of the driver unit and the 
final amplifiers is shown in the various 
photographs. I started out using a piece 
of single-sided copper-clad board approxi¬ 
mately 6-1/2 by 9-1/4 inches, since the 
circuits were developed stage by stage. I 
ultimately ran out of board, so for that 
reason the driver stage runs at a right 
angle to the low-level circuits. This is no 
problem except for the fact that it leaves a 
large portion of the board unused. To run 
all of the stages in the driver unit in a 
conventional straight line, I suggest using 
a piece of board approximately 12-inches 
long by 4-inches wide. 

The normal techniques used for vhf 
construction should be followed—short 
leads and small, high-quality components. 
The low-level stages are each enclosed 
within shielded partitions which are made 
of pieces of copper-clad board soldered to 
the main board. The partitions should be 
placed across the transistor sockets to 
isolate the input and output circuits, thus 
minimizing any tendency of the high-gain 
stages to oscillate on their own. Liberal 
use of feedthrough capacitors and rf 
chokes for the supply voltages, with the 
dc wiring run on the top side of the 
board, prevents stray coupling through 
the power leads. 

LI and L2 in the mixer output circuit 
are shielded from one another by placing 
LI and its associated capacitor on the 
mixer side of a shield partition, and L2 
and its capacitor on the other side. The 
0.47-pF coupling capacitor is then con- 



fig. 6. Schematic diagram of the byistor 
(courtesy CTC). 


nected to the top end of each coil via a 
feedthrough terminal in the partition. 

The MSA8507 (or B12-12) and 
PT6727 transistors are in stripline- 
opposed-emitter packages, which require 
some care in mounting. Virtually all of 
the published articles employ this pack- 


2N3055 



fig. 7. Regulator circuit for use in dropping the 
20- to 26-volt dc supply to 12.4 volts. 


age configuration in circuits which use 
p r i n t e d-w i r i ng inductances or 
transmission-line sections. Since my de¬ 
sign uses only discrete components, the 
mounting and connection techniques are 
slightly different. 

There are two major conditions which 
must be met when mounting stripline 
transistors: the emitter leads must be 
grounded as closely as possible to the 
case, in order to minimize emitter lead 
inductance, and the case must be 
mounted on a heatsink without putting 
undue strain on any of the transistor 
leads. Considering the latter condition 
first, it can be satisfied by mounting the 
transistor to the heatsink, through a hole 
in the copper-clad board, before soldering 
to any of the leads. A sparse application 
of silicone thermal compound should be 
used between the body of the transistor 
and the heatsink. 

Reducing the emitter lead inductance, 
as accomplished by soldering the leads 
close to the case, creates the annoying 
problem of what to do with the collector 
and base leads. Fortunately, operation at 
144 MHz is not so critical as to preclude 
using one of the arrangements shown in 
fig. 8. In fig. 8A, the base and collector 
leads are soldered to lands which are 
insulated from the ground plane. These 
lands may be formed in one of two ways. 
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The copper can be routed out around the 
transistor leads, creating areas that are 
isolated from ground, and the leads then 
soldered to these lands. An alternate 
method is to cut small pieces of copper- 
clad board and cement them to the 
ground plane to form small insulated 





fig. 8. Methods of mounting stripline-opposed- 
emitter packaged transistors. Also shown is a 
base-bias control diode clamped to the tran¬ 
sistor mounting stud for thermal tracking. 

platforms to which the transistor base 
and collector leads can be soldered. In 
both cases, the heatsink must be spaced 
away from the main board so that the 
emitter leads are level with the ground 
plane or close enough to the ground plane 
so that they can be bent down slightly 
without too much strain. 

Fig. 8B shows a third method which 
allows the heatsink to be mounted direct¬ 
ly to the board without spacers. The base 
and collector leads are folded back on 
themselves, by means of long-nose pliers, 
and the folded ends carefully bent up 
away from the stud. This provides a 
relatively rigid terminal for connections 
to the transistor. The emitter leads are 
carefully bent down to the ground plane 
and soldered. 

The heat sink for the driver transistor 
was made from a scrap piece of aluminum 
and has an area of about 6-1/2 square 
inches. This is enough radiating surface to 


keep the transistor from getting any more 
than barely warm to the touch. Of 
course, any one of the many commercial 
heat sinks having equivalent radiating 
surface could be used. 

The 1N4001 diode is thermally 
coupled to the driver transistor by means 
of a clamp mounted on the transistor 
stud, as shown in fig. 8B. The clamp is 
made of a small piece of sheet copper 
which is formed around the diode to fit 
snugly. The diode and clamp surfaces 
should be coated with a thin film of 
thermal compound before being secured 
to the transistor stud. The diode cathode 
is soldered to the clamp, which is 
grounded via the heatsink, while the 
anode lead is connected to the bias-adjust 
resistor through a feedthrough capacitor. 

The final amplifier is built on another 
piece of single-sided copper-clad board 
which measures 4 by 5 inches. The heat 
sink, which has a radiation surface of 
33.4 square inches, is an Archer 
276-1360, available at Radio Shack 
stores. The PT6727 stripline-packaged 
transistor is mounted to the board and 
heat sink in one of the ways previously 
described. 

The MSA7503 is packaged in a TO-60 
stud-mount case, which poses an addi¬ 
tional problem in securing a low- 
impedance emitter-to-ground path. The 
emitter is connected internally to both 
the case and a terminal pin on the body, 
but using the pin is not practical because 
of the high internal lead inductance. The 
scheme shown in fig. 9 was finally 
reached, and should be a useful method 
for mounting any similar transistor. First 
mount the heatsink to the board and, 
using a number-9 drill, drill a 0.196-inch 
hole through the heat sink and board for 
the transistor mounting stud. Then dis¬ 
assemble the heat sink from the board 
and enlarge the hole in the board to a 
diameter of 1/2 inch. Remount the heat 
sink on the board. 

Obtain a small piece of copper foil 
(the kind used for electrostatic shields 
between power-transformer windings) 
and cut out a disc 1 to 1-1/4 inch in 
diameter. Carefully cut a hole in the 
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center of the disc just large enough to 
clear the transistor stud. Apply thermal 
compound to that part of the heatsink 
which is accessible through the enlarged 
hole in the board. Place the copper foil 
on the stud and mount the transistor to 
the heatsink. (Note that thermal com¬ 
pound is not used between the copper 
foil and the transistor, in order to main¬ 
tain a good rf path between emitter and 
ground.) Slit the edges of the copper foil, 
now protruding from the hole in the 
board, so that the foil can be pressed flat 
against the copper board, and solder it 
down. This results in a continuous ground 
plane from the board to the transistor 
emitter. 

If a 1N4719 diode is to be used to 
control the bias, mount it to the trans¬ 
istor stud in the same manner as de¬ 
scribed for mounting the 1N4001 on the 
driver transistor. If you use the BY1 
byistor, mount it in one of the ways 
described for stripline packages, except 
that there is no need for concern about 
lead inductance. I located the byistor 
stud 1 inch from the transistor stud, on a 
line with the base lead. This places it 
under the input inductor, which hides it 
in the photograph of the PT6727 ampli¬ 
fier. 

adjusting and tuning the driver 

One of the advantages of having the 
final amplifier separate from the driver 



Bottom of the driver unit and MSA7503 
amplifier. The local oscillator is at the left side, 
followed by the mixer and low-level stages to 
the right. The driver stage runs along the right 
side of the larger driver-unit board. The ampli¬ 
fier input circuit is at the top of the smaller 
board, and the collector circuit is at the 
bottom. Note the use of shield partitions to 
prevent feedback. 


unit is being able to tune up the low- 
power stages independently of the final. 
And since two relatively high-power 
transistors are involved, having to worry 
about just one at a time makes the 
process much easier. 

Before making any power connections. 



fig. 9. Method of mounting TO-60 stud-mount 
transistors to minimize emitter-to-ground lead 
inductance. 

set the 100-ohm adjustable resistor in the 
driver bias network for maximum resis¬ 
tance. Then temporarily break the col¬ 
lector supply circuit in the driver stage 
and insert a 0-50 or 0-100 mA meter 
between L8 and the supply. Be sure the 
meter will indicate only the collector 
current and not the current drawn by the 
1N4001 diode. Connect a good 50-ohm 
load and power meter to the driver 
output connector. 

Connect the 12-volt supply and apply 
power. The meter should read zero or 
close to it. Adjust the 100-ohm resistor 
until the collector current is approxi¬ 
mately 20 mA; this sets the operating bias 
on the driver transistor. Next check the 
operation of the 2N3563 oscillator, using 
an electronic voltmeter and rf probe at 
the output, or a sensitive detector 
coupled to the collector tank circuit. 
Tune the oscillator for maximum output. 
If the circuit fails to oscillate, it may be 
necessary to experiment with the value of 
the emitter bypass capacitor. 

Turn off the power supply and replace 
the milliammeter with a 0-1 ammeter. 
Now connect the hf single-sideband trans¬ 
mitter, tuned to 29 MHz, to the input 
connector of the driver unit. Be sure that 
you have enough attenuation between the 
transmitter and converter to limit the 
power at the mixer input to 0.5 mW. 
Reapply power to the driver unit and 
slowly insert carrier at the transmitter 
while watching the driver-stage collector 
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current. If the collector current starts to 
increase, immediately adjust the tuning 
capacitors in the driver output network 
for maximum output power. Actually, 
there is little likelihood of this occurring 
before the low-level stages have been 
tuned, so reduce the 29-MHz excitation 



Component side of the PT6727 final amplifier* 
The copper*strap Inductor In the Input circuits 
hides the bylstor* The transistor and bylstor are 
mounted on the same type of heat sink as 
shown In the photograph of the MSA7503 
amplifier* 

and tune up the converter by means of 
the following technique. 

Tune each stage for maximum power 
output. An electronic voltmeter with an 
rf probe, connected at a point which 
follows the circuit or stage being ad¬ 
justed, makes a good tuning indicator 
without loading down the circuit {e.g., 
connect the probe to the collector of the 
stage following the one being tuned). As 
each stage is tuned, gradually increase the 
29-MHz carrier and monitor the driver 
collector current so that the driver output 
circuit can be tuned for maximum output 
as soon as the collector current starts to 
increase. As excitation to the driver stage 
is increased, the collector current will rise 
to a maximum of 0.75 to 1 ampere. Tune 
the driver output circuit for maximum 
output consistent with minimum collec¬ 
tor current. Since the Q of the output 
circuit is low, tuning is relatively broad, 
making it easy to pick the point of best 
efficiency. 

As the 29-MHz drive is increased and 


as each stage is tuned, the output should 
gradually rise to at least 6 watts. How¬ 
ever, if the output goes to 9 watts or so, 
it is an indication that one or more of the 
low-level stages are saturated. If this 
happens, reduce the excitation to the 
point where the output power drops 
sharply. This is the limit of linear opera¬ 
tion, and all tuning adjustments should be 
repeaked at this level. Vary the frequency 
of the ssb transmitter from 28 to 30 MHz 
and retune it for constant output at 
several points within the frequency range, 
but do not retune the transmitting con¬ 
verter. The output from the converter 
should vary less than 10 percent. 

Deenergize the power supply, remove 
the ammeter, and restore the driver col¬ 
lector circuit to its original state. You now 
have a 6-watt ssb signal, ready to put on 
the air or to drive the final stage. If you 
want to get it on two meters at this point, 
be sure to read the section headed opera¬ 
tion before connecting the antenna. 

adjusting and tuning the final 
amplifier 

If you are using the amplifier circuit 
shown in fig. 3, set the 100-ohm adjus¬ 
table resistor for maximum resistance. If 
you are using the circuit of fig. 5, set the 
100-ohm pot for minimum resistance 
between the byistor supplier terminal and 
ground. Temporarily open the collector 
circuit, as was done for the driver, and 
insert a milliammeter between L104 and 
the power supply so that it will measure 
only the collector current. A 0-50 or 
0-100 mA meter can be used for the 
PT6727; a 0-10 mA meter is preferable if 
an MSA7503 or equivalent is used. 

Using the lowest supply voltage which 
will provide you with the output power 
that you need, turn on the power supply 
and adjust the bias resistor on the ampli¬ 
fier for a collector current of 25 mA if 
the PT6727 is being used. If you are using 
an MSA7503 or an equivalent transistor, 
adjust the bias resistor to the point where 
the collector just starts to draw current— 
about 2 or 3 mA. Remove power and 
replace the milliammeter with an am- 
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meter having at least a 2.5 ampere range. 

Connect the driver unit to the ampli¬ 
fier by means of a short length of 50-ohm 
coax cable, and terminate the amplifier 
with a power meter and good 50-ohm 
load. Energize the driver unit and ampli¬ 
fier power supplies, and gradually apply 
rf excitation. Tune the amplifier input 
and output capacitors for maximum out¬ 
put each time the drive is increased. The 
output should rise smoothly until it 
reaches the approximate value indicated 
in fig. 4 for the supply voltage being used. 
As with the driver stage, the final tuning 
should provide maximum efficiency 
(maximum output consistent with mini¬ 
mum collector current). The collector 
efficiency of the PT6727, operating class 
AB, should be approximately 60 percent. 
The efficiency of the MSA7503 or any 
other transistor operating virtually at 
cut-off may be as high as 75 percent. 
Tuning the exciter over a 2-MHz range 
should not affect the output of the 
transmitting converter by more than 10 
percent. 

Driver-stage tuning may be refined 
during the amplifier tuning procedure by 
peaking the capacitors in the driver col¬ 
lector circuit for maximum amplifier out¬ 
put, but this must not be done until after 
the amplifier input tuning capacitors have 
been adjusted for maximum output. Then 
remove all power, disconnect the am¬ 
meter, and restore the final collector 
circuit to its original condition. 

operation 

The transmitting converter is now 
ready to feed an antenna or to drive a 
high-power linear amplifier. In the latter 
case, connect the converter to the ampli¬ 
fier through a 50-ohm coax cable (assum¬ 
ing that the amplifier being driven has a 
50-ohm input impedance) and retune the 
converter amplifier collector circuit for 
maximum drive. It is advantageous to 
monitor the transistor amplifier collector 
current to achieve maximum efficiency, 
which can be done simply by inserting an 
ammeter in the lead from the dc supply. 
Remember, however, that you will now 
be measuring the collector current plus 


the current drawn by the bias-control 
diode or byistor, so that the total current 
through the meter will be 200 to 350 mA 
greater than the collector current alone. 

If the transmitting converter is fed 
directly to an antenna, a lowpass filter 
must be inserted between the output 
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fig. 10. Schematic diagrams of two lowpass 
filters for suppressing harmonic radiation. The 
coil in the elliptical filter (B) should be adjusted 
so that it resonates with the 6.8-pF capacitor at 
327 MHz. Capacitors are silver mica, 5 percent 
or better. 


connector and the transmission line to 
attenuate harmonics which will be passed 
by the low-Q output network of the 
driver or amplifier. (The higher-Q tuned 
circuits in a vacuum-tube amplifier fol¬ 
lowing the converter will provide suffici¬ 
ent filtering, and eliminate the need for a 
lowpass filter.) Two such filters are 
shown in fig. 10. The constant-k pi- 
section in fig. 10A is slightly simpler than 
the elliptical pi-section of fig. 10B, but 
the latter will provide at least 6-dB, and 
as much as 16-dB, more attenuation to 
the second harmonic than will the 
constant-k configuration. 

After making the necessary connec¬ 
tions and applying power, retune the 
output collector circuit for maximum 
output power. Again, it is wise to moni¬ 
tor the collector current, as described 
above. Once the preceding tuning pro¬ 
cedures have been completed, it will not 
be necessary to retune any of the circuits 
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appendix 


Most of the parts used in the transmitting converter are available through regular distributors. 
The following list is provided for those items which must be ordered from other sources, and 
includes prices <as of July 1973) for those of major importance. 


item 

unit price 

CTC B12-12 

$ 9.50 

BY1 

6.00 

Anzac MD108 

7.00 

TRW PT6727 

35.00 

Fairchild FMT4170 

5.50 


Micrometals cores 


over long periods of time, provided that 
you do not change the load or supply 
voltages. The low-Q tuned circuits are 
relatively insensitive to other changes. 

conclusions 

Operation on two meters during the 
past several months, using both ampli- 
tiers, has shown that the transmitting 
converter is stable and trouble-free. A 
spectrum analyzer was not available for 
distortion measurements, but rough meas¬ 
urements using a receiver and calibrated 
step attenuator indicate that the third- 
order products are down approximately 
24 dB when using the MSA7503 ampli¬ 
fier, and approximately 27 dB for the 
PT6727. The limitation in the latter case 
is probably due to the distortion products 
generated in the MSA8507 driver 
stage. 
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digital 


capacitance meter 


Construction details 
for a wide-range 
digital capacitance meter 
that doubles 
as a 20-MHz 
frequency counter 


Depending on your point of view, this 
instrument may be called a capacitance 
meter which will also function as a 
frequency counter or it can be called a 
frequency counter which will also mea¬ 
sure capacitance. To me it's a capacitance 
meter since that was my need at the time 
I designed it. However, to provide one 
function without the other would be 
foolish since circuitry for both is practi¬ 
cally identical and requires only the 
switching of a few points in the control 
logic to implement either mode of opera¬ 
tion. 

theory of operation 

The capacitor to be tested is placed in 
a timing circuit whose output gates a 
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train of fixed-frequency pulses into a 
standard counter. The output pulse 
length from the timer circuit is propor¬ 
tional to the size of the capacitor, thus 
varying the gate time. The resultant count 
is indicated by the digital readouts. A 
large capacitor would result in a long gate 
time and a high pulse count. 

If the resistance factor in the RC time 
constant is used as a calibrating device, it 
could be adjusted in conjunction with a 
known value of capacitance to give a 
known gate time and, therefore, a known 
count. For example, if R were adjusted to 
provide a 1 . 0 -millisecond output pulse in 
conjunction with a 1000-pF capacitor 
and the pulse rate was 1.0 MHz, during 
the 1 . 0 -ms opening of the gate 1000 
pulses would get through to the counter 
and register on the readouts. A 900-pF 
capacitor would shorten the gate time 
sufficiently to allow only 900 pulses 
through. Larger capacitors permit propor¬ 
tionately longer count times with re¬ 
sulting higher counts. 

In the capacitance meter frequency is 
fixed and gate time is variable, while in 
the counter gate time is fixed and fre¬ 
quency is variable. 

circuit details 


{5 About the time I first started thinking 

~ about this idea, Signetics introduced their 
NE555 1 C timer. This little item requires 
> only two external components, a resistor 
DC and a capacitor, and is just the thing for 
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fig, 1, Timer and control circuits for the capacitance 
meter use TTL logic. U7 is an SN7400 guad 2-input 
NAND gate, U8 is an SN7410 triple 3-input NANO gate 
and U9 is an SN7404 hex inverter. For the value of Cl see 
text. Circfed numbers refer to pads on circuit board and 
correspond to those on switch wiring schematic, fig. 2. 


generating the timing pulses. In this case 
the resistor would be a calibrating pot 
and the capacitor would be the unit 
under test. 

Inside the NE555 are two compara¬ 
tors, a flip-flop, an output stage and a 
discharge transistor. Initially, the capaci¬ 
tor is held discharged by the transistor 
connected across it. When a negative¬ 
going pulse is applied to pin 2 of the 1C, 
the flip-flop is set, releasing the short 
across the capacitor and charging com¬ 
mences. 


A circuit operating in this mode is the 
old familiar one-shot or monostable. The 
INJE555 may also be wired as an astable if 
free-running operation is desired. For 
interested readers, the data sheets show 
many other interesting applications for 
this 1C. 

The control logic circuit used in this 
instrument was borrowed from an article 
by W1EO in QST. 1 A 1-MHz crystal 
oscillator and SN7404 hex inverter 1C 
were added to provide the clock input 
(see fig. 1). Five SN7490 decade counters 


table 1. Capacitance ranges used in the instrument built by the author, 
range calibration clock frequency readout format 


1000 fJiF 1.0 JUF = 0.1 ms 
1.0 fJiF .001 JiF = 0.1 ms 

0.1 fJiF .001 jUF = 0.1 ms 

The reference voltage for the compara¬ 
tor is internally set at two-thirds of the 
operating voltage. When the voltage ramp 
across the capacitor reaches this level, the 
circuit fires, resetting the flip-flop and 
discharging the capacitor. Upon receipt of 
another trigger pulse, the cycle repeats. 


100 kHz 1000.0 

100 kHz 1.0000 

1.0 MHz 0.1000 

divide the crystal frequency down to 10 
Hz — this results in a string of pulses 
spaced exactly one-tenth second apart. 
An SN7493 is used as a divide-by-twelve 
counter to provide a period of 1.2 
seconds or 12 clock pulses for a complete 
timing cycle. 
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The initial 1-second portion is the 
count period during which the count gate 
is open. During the 0.2-second interval 
between counting periods, a transfer 
pulse is generated which allows the in- 
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fig. 2. Wiring diagram for the function switch. 
Circled numbers refer to pads on the circuit 
board (see fig. 4). 


formation stored in the latches (if used) 
to be shifted to the decoder/drivers for 
readout of the latest count. 

A subsequent reset pulse is also gener¬ 
ated during this interval which returns all 
counters to zero in preparation for the 
next 1-second counting period. These 


latter two pulses are formed by intercon¬ 
necting various gates contained in an 
SN7400 and an SN7410 1C. The pulse 
appearing at pin 11 of U7 is negative¬ 
going at the start of the timing period and 
is used to trigger the NE555 for capaci¬ 
tance measuring. 

When the instrument is operating as a 
capacitance meter, the control pulse for 
the count gate comes from the timer 
circuit and the pulse train to be counted 
is generated by the internal clock. When 
functioning as a straightforward counter, 
the count gate reverts to internal control 
and the signal to be counted comes from 
an external source. These and other 
points require switching and are com¬ 
bined into a single multi-pole switch. In 
my unit this switch provides three capaci¬ 
tance ranges and two for counter opera¬ 
tion. Sections of the function switch are 
also used to apply power and trigger 
pulses to the timer when operating in the 
capacitance-measuring mode (see fig. 2). 

Table 1 shows the relationships be¬ 
tween the various parameters when ap¬ 
plied to a 5-digit counter such as that 
used here. Obviously this scheme is not a 
mandatory one and can be altered to suit 
other situations. If you are planning to 
place decimal points at appropriate points 
in the display, don't forget to reserve a 
pole on the function switch for that 
purpose. 

construction 

The heart of the capacitance meter is 
the control logic and timer circuitry. A 
two-sided PC board was laid out to 
accommodate all of the circuitry in an 
uncrowded area 2.5 by 4.6 inches. Since 
the TTL logic ICs come in dual-inline 
packages, a similar version of the Sig- 
netics NE555 timer was used. This is their 
8 -pin mini-DIP known as the V package 
(NE555V). 

The 1-MHz crystal is in an HC6-U 
holder with wire leads. The calibrating 
trimmers are the common 1-inch type 
which have pin spacings of 0.2 and 0.3 
inch with a 0.2-inch stradle. The de¬ 
coupling filter capacitor is a 65 -/liF dipped 
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tantalum but any substitute unit of 50-jUF 
or so may be used if it fits on the board. 

Circuit pads are provided at all points 
being switched as well as at inputs and 
outputs. A pad is provided at the crystal 


the blank board so that it just fits in the 
opening without moving around. Position 
one of the negatives over the opening 
with the proper side up and tape the 
edges to the cardboard frame. Turn the 




fig. 3. Full-size layout for both sides of the double-sided circuit board. 


output as well as at each decade although 
not all frequencies will be used in this 
particular application. 

The most practical scheme I've been 
able to devise for making double-sided PC 
boards is to cut out a cardboard frame for 


frame over and place the second negative 
so that the two are back-to-back and in 
perfect registration. Tape this one along 
one edge so that it may be lifted to allow 
insertion of the blank PC board. After 
both sides have been exposed, develop 
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and etch in the normal manner. The 
board in the photograph was homemade 
in this way (see fig. 3 for the layout). 

If you are planning to build one of 
these instruments from scratch, you'll 
need several decades of counting and 
readout circuitry. Many of the advertisers 
in ham radio sell kits consisting of a 



Component side of the printed-circuit board 
containing the timer and control circuits for the 
digital capacitance meter. 


counter, a latch, a decoder/driver and a 
readout device, along with a PC board for 
easy assembly. Four decades would be 
the minimum required. Anything over 
that would be at the builder's discretion. 

I used five stages because I happened 
to have five hybrid assemblies on hand 
which were suitable for this application. 
Each of these dual-inline packages con¬ 
tained a counter, a latch and a decoder/- 
driver. I mated these with five homemade 
readouts and ended up with a neat 5-digit 
counter section. 

I would have used one or two more 
stages if I'd had more of the hybrids since 
it would have made the frequency count¬ 
er a little more useful. For capacitance 


measurements, however, the five digits 
are adequate since the accuracy of the 
system doesn't really warrant any greater 
resolution. 

If you already own a counter and 
don't mind tearing into it, you could do a 
little rearranging along the lines described 
here to add the capacitance measurement 
feature. In counters that provide for 
external gate control the output from the 
timer could be fed into this connection. 
In addition, a suitable trigger pulse must 
be brought out to fire the timer at the 
start of the cycle. Suitable clock pulses 
could also be brought out for the various 
operating ranges. 

It is by no means mandatory that a PC 
board be used for assembly. The circuit 
described here was at one time made up 
on a piece of perforated board and wired 
from point-to-point. It worked just fine. 

calibration 

All you need for calibration are a 
couple of fairly close tolerance capacitors 
of suitable values. With a capacitor con¬ 
nected to the test jacks and the instru¬ 
ment switched to the high range, adjust 
the 500-ohm trimmer for proper display 
of the value. Adjust the 50k trimmer for 
either of the two remaining ranges. 

A capacitor of around 1.0 pF could be 
used for setting both trimmers since there 
is an overlap between ranges. The more 
points you can check, of course, the more 
accurate the instrument. From my ex¬ 
perience it seems reasonable to expect at 
least 10% accuracy across the operating 
range of 1000 pF to 1000 nF. 

Since this unit was intended primarily 
to measure large capacitors, readings 
should be close enough for most experi¬ 
mental work. They will also bear out the 
fact that most electrolytics have values a 
lot higher than marked. 

It should be pointed out that the unit 
will read well over 1000 juF but accuracy 
falls off rapidly above 1500 juF. This is 
apparently due to shortening of the out¬ 
put pulse from the timer as the duty 
cycle increases. At the opposite end, 
reading values below 1000 pF seems to be 
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impractical due to bad jitter on the timer 
output pulse. The comparator input 
which the capacitor is connected across is 
a high impedance point and consequently 
picks up all kinds of noise and hum. 
Looking at the trailing edge of the output 
pulse on a scope will verify this. The end 
result is that the count gate sees a 


decade divider. A calibrating trimmer 
capacitor could also be added in series 
with the crystal for precise adjustment of 
the clock. This would be primarily for 
improving frequency measuring ac¬ 
curacy.. 

Incidentally, you may find that some 
1-MHz crystals won't oscillate at their 



fig. 4. Component layout for the capacitance meter circuit board. Circled numbers correspond to 
connections on the function switch (see fig. 2). Bold traces are on component side of the 
printed-circuit board. 


constantly varying count time which 
makes valid readings impossible. 

All circuitry is powered from a single 
5-volt supply capable of supplying the 
required current. In my instrument maxi¬ 
mum current is about 1.5 amperes. Close 
regulation is not essential as voltage varia¬ 
tions will not affect the timer output. 
When you are measuring electrolytic ca¬ 
pacitors, remember that they should have 
a minimum rating of 6 volts just to be safe. 

summary 

Parts of this circuit may be of interest 
to some readers even if not all of it is. 
The control logic may be suitable for a 
counter you've been thinking of building 
or the timer circuitry may be extracted 
for use with an existing counter. The 
crystal oscillator could be modified for 
10-MHz operation by adding another 


fundamental frequency. A scope should 
be used to check this. Holes have been 
provided on the circuit board to install a 
capacitor across one of the feedback 
resistors if this problem is encountered. 
Try about 100 pF as a starting value and 
substitute values until you're sure the 
oscillator will start properly every time 
you fire up. 

A preamplifier and conditioning cir¬ 
cuit for the counter was not included on 
the board. There have been numerous 
examples of such circuits in all the 
amateur publications so finding what you 
want should not be too difficult. 

reference 

1. Kenneth Macleish, W1EO, "A Frequency 
Counter for the Amateur Station," QST, Oc¬ 
tober, 1970, page 15. 
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how to design 

L-networks 


How to choose 
the proper L-network 
for your particular 
impedance-matching 
problem, and how to 
calculate the 
required component values 


vi 

k. 

o 

> 

‘c 

D 

0) 

■*-> 

CD 

4 -* 

CO 

m 

c 

CTJ 

c 

o 


> 

k. 

o 

TO 

o 

JD 

ra 


x: 

o 

k. 

ra 

01 

« 

0) 

CC 

to 

y 

'c 

o 

k. 

*■> 

o 

aj 


CC 

_l 


o 

0) 


id 


w 

a> 

-Q 

o 

CC 


Graphical methods of designing L-net 
works have been presented several time; 
in the past. 1,2,3 As shown in reference 1, 
there are eight possible L-networks for 
matching a pure resistance to any imped¬ 
ance. In most amateur cases the pure re¬ 
sistance is the 52-ohm coaxial transmission 
line, and the impedance is that at the base 
of a vertical antenna. 

It is important to note that only cer¬ 
tain networks can be used to match cer¬ 
tain ranges of impedance. Also, because 
of possible mutual coupling, networks us¬ 
ing two inductors are less desireable than 
the others. The lowpass filter network is 
the most desireable, but can be used only 
for some load conditions. One criteria 
which affects the choice of network is 
whether or not the antenna resistance is 
greater or less than 52 ohms. A more 
definite way of selecting the correct net¬ 
work is shown in the graphs that follow. 

One of my former graduate students, 
John Lewis, studied the L-network situa¬ 
tion and found that there are three dif¬ 
ferent networks that will match any con¬ 
ceivable load impedance. He developed 
equations for these three networks and 
wrote a computer program that would, for 
a given problem, select the proper net¬ 
work and calculate the two necessary L- 
network element values. This article will 
give those equations, and describe them 
so that you can design your own L-net¬ 
works, using simple equations and elemen¬ 
tary arithmetic. 

He developed the equations by writing 
the network equations for a given net¬ 
work, calling the input impedance FL (50 
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ohms in our case). He then solved the 
equations for the network element values. 
For example, for the case of the network 
in fig. 1C 

-:X (R + j (Xl + X) 

R - --- 

' R + j(X + X L -X c ) 


tions for X L and X c - John called these 
networks A, B, and C as shown in fig. 1. 

The best way to show which load im¬ 
pedances each network can match is by 
means of a graph, first presented by Smith 
in Electronics* The shaded part of each 
graph shows those load values which that 
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Network 


c x L = ('VRj R - R 2 )-x (5) 


x„ -- 


(X, + X) 2 + R 2 


x L + X 


( 6 ) 


constant k = \/4R j 2 X 2 +4R i (R-R j ) (X 2 + R 2 ) (7) 


fig. 1. Three types of L-networks which may be used for impedance matching. The accompanying 
graphs show the range of impedances which may be matched by each of the networks. Point Z in (A) 
and (B) is the normalized impedance used in the first example in the text. Point Z in (C) is the 
normalized load impedance used in the second example. 


solving, X L = (R. R - R 2 ) % - X 
(X, + X) 2 + R 2 


The steps in the solution are not shown 
here. To do that the first equation was 
expanded and the real and imaginary 
terms properly equated, resulting in solu- 


particular network cannot match. The net¬ 
work can provide a match for any im¬ 
pedance in the non-shaded area. The graphs 
are normalized, which means that all graph 
values are divided by the impedance value 
of transmission line used (50 ohms).Thus, 
a load resistance of 50 ohms shows up on 
the graph as 1 unit horizontally. 

When using the graphs and formulae 
presented in fig. 1, solve first for the net- 
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work element given in the left-hand col¬ 
umn. For example, assume you have a 
vertical antenna with an input impedance 
of 142 + j90 ohms and want to feed it 
with 50-ohm coaxial cable. Therefore, R 
= 142 ohms, X = 90 ohms and Rj = 50 
ohms. Normalizing, R/R f = 2.84 and X/Rj 
= 1.8. In this case either network A or B 
must be used because the normalized 
impedance (Z = 2.84 + jl .8) falls into the 
forbidden region in the graph for network 
C. 

To use network A, first calculate the 
constant, k, from eq. 7. Then find X c and 
X L , respectively, using eqs. I and 2. 

k = \/(4 • 50 2 • 90 2 ) + (4 • 50) (142 - 50) 
(90 2 + 142 2 ) = 24516.48 

x _ -(2- 50- 90)+ (24516.48) 
c 2(142- 50) 

= 84.33 ohms 



(50 • 90)+ 84.33(142-50) 
142 


fig. 2. Graphical solution using the L-network 
of fig. 1A to match a load impedance of 142 + 
j90 ohms. 


= 86.33 ohms 

To determine the component values for 
network B calculate X. and X c from eqs. 
3 and 4, respectively. The constant, k, is 
the same as before. 

X, = (2 • 50 • 901+24516.48 -, 82 ., 5 ohms 
L 2(142-50) 



= 86.32 ohms 

These values check with the graphical solu¬ 
tions shown in figs. 2 and 3 (see reference 
3 for application with a 7-MHz vertical 
antenna). 

As another example, assume that you 
want to match a 50-ohm transmission 
line to an antenna with an input imped- 
dance of 40 - j20 ohms. Therefore, R = 
40 ohms, X = -20 ohms and R. = 50 ohms; 
R/Rj = 0.8 and X/R. = -0.4. The normalized 
input impedance is 0.8 - j0.4 ohms. This 
value can be matched by network C but 


+ J -J 



-J+J 

fig. 3. Graphical solution of the L-network of 
fig. IB to match a load impedance of 142 + j90 
ohms. 
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falls into the forbidden region in networks 
A and B. 

To determine the proper values for 
network C first calculate X L> using eq. 5. 
Then find X c using eq. 6. 

X L = [(50 -40) - 1600] ' /2 + 20 = 40 ohms 

X - (40 - 20J1±J600 . ! oo ohms 
c 40-20 

To check the correctness of these values 
it is necessary to calculate the impedance 
seen at the input terminals. From inspec¬ 
tion, it can be seen that Z c is in parallel 
with the series combination of Z and the 
complex load impedance Z. Using the 
formula for parallel impedances: 

(Z_ ) (Z + Z. ) 

p — L _L_ 

1 Z C + (Z + Z L ) 

= (-MOO) (40- [20 + j40) 

(-[100) (40- j20 + j40) 

= (-ilOO) (40 + j20) 

(-j100) + (40 + j20) 

_ -j4000 + 2000 
40 - j80 

Multiplying by the conjugate: 

( -j4000 + 2000\ Ao + j8o\ 

V 40 - j80 / \40 + j80/ 


= 400 x 10 3 
8 x 10' 1 


50 + jO 


This network provides a perfect match to 
50-ohm transmission line. 
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RTTY 

message generator 


Complete construction 
details for 
an RTTY 
message generator 
that uses 
TTL digital logic 


For a number of years, the users of 
teletypewriter services have relied on an 
automatic response from an interrogated 
RTTY terminal unit to confirm comple¬ 
tion of a desired traffic circuit. The 
interrogated terminal, upon command, 
generates a station identification code or 
message such as, DE KX6IT. This message 
is usually generated by an electro¬ 
mechanical device consisting of a number 
of coded bars on a rotating drum, mo¬ 
mentarily closing electrical contacts. 

With the advent of low-cost, multi¬ 
function integrated circuits, it is feasible 
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to generate the message using digital 
logic. This increases reliability and makes 
maintenance easier as well as lowering the 
cost. Moreover, some electro-mechanical 
message generators are mechanically 
peculiar to a specific type or family of 
teleprinters. The digital logic method is 
directly applicable to any machine or 
circuit of any family of teleprinters using 
compatible signaling codes. 

RTTY signaling code 

The presently used Baudot (Murray) 
RTTY code is a binary code, a two-state 
condition, such as the presence or 
absence of current. As applied to most 
teletypewriter circuits, it is a condition of 
current flowing in a loop {mark) or no 
current flowing in the loop {space). Each 
printed character or machine function is 
determined by the sequence of mark and 
space pulses received by the machine. 

The format of the signaling code de¬ 
pends on the maximum number of differ¬ 
ent characters to be printed or functions 
to be performed by the machine. The two 
most common arrangements used are the 
5-level and 8-level formats. The term level 
refers to the number of unit intervals or 
pulses in the intelligence-determining por¬ 
tion of the code. Each unit interval is 
either a mark or space as determined by 
the code for the desired character. The 
5-level code has 2 s (32) character permu¬ 
tations available and the 8-level code has 
2 8 ( 256) available permutations. 

To keep the transmitting and receiving 
machines in synchronization a start pulse 
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is placed in front of the group of intelli¬ 
gence pulses. A stop pulse is placed at the 
end of the group of intelligence pulses to 
complete the synchronization function. 
The start pulse is always a space condi¬ 
tion and has the same pulse width or unit 
interval as an intelligence pulse. The stop 
pulse is always a mark condition and its 
minimum duration may be up to two unit 
intervals. 

The 5-level code may be divided into 
three subcode types, depending on the 
width of the stop pulse. For example, a 
60 word-per-minute 5-level code charac¬ 
ter includes the start pulse and five 
intelligence pulses, each of which has a 
pulse width of 22 milliseconds. Each 
22-ms pulse or bit may be referred to as a 
unit If the stop pulse in this group is also 
22-ms wide then the group is called a 
7-unit code. If the stop pulse is 31-ms 
wide then it is a 7.42-unit code. The 
7.42-unit code is the most common 5- 
level code. 

Another code in use is the 7.5-unit 
code where the stop pulse is 33-ms wide. 
The intended effect of the longer stop 
pulse is to decrease the amount of mes¬ 
sage garble under marginal operating con¬ 
ditions. However, the longer stop pulse 
has the undesirable effect of slightly 
decreasing the circuit speed capability. 

functional description 

The design objective was a simple, 
semi-programmable, all-electronic mes¬ 
sage generator using low-cost TTL 1C 
logic packages and meeting the following 
requirements: 

1. The required serial message format 
is: letters (LTRS), space, DE, space, K, 
X, figures (FIGS), 6, letters (LTRS), I, 

T, space, carriage return (CR), and line 
feed (LF). 

2. The message generation cycle is 
initiated by an external momentary 
contact closure and/or a TTL com¬ 
patible negative-going pulse. 

3. The device must be self-stopping at 
the end of the message generation cycle. 


4. The device keyer output must be 
compatible with any normal RTTY 
loop without regard to loop polarity 
or voltage level. 

5. The device's message must be field 
programmable, either by means of 
plug-in boards or minor hardware 
changes, or both. 


START 



Fig. 1 illustrates the operation of the 
device at a basic functional block diagram 
level. A detailed logic diagram is shown in 
fig. 2. 

System control. When the circuit is in an 
idle state, U6 generates a signal that 
inhibits 2 clock pulse generation (U1) and 
sets the 8-unit big generator and function 
gate generators to a cleared condition. On 
receipt of an external start signal, system 
control removes the clock inhibit and 
system clear signal. The device now be¬ 
gins the message generation cycle. At the 
end of the message, the function gate 
generator provides an end-of-cycle signal 
which returns system control to idle 
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fig. 2. Logic diagram for the RTTY 
message generator. A complete parts 
list for the unit is given on the facing 
page. Power supply and ground con¬ 
nections to the ICs in the unit are not 
shown in the schematic but are given 
in the table above. For a supply 
voltage of +5 volts, current drain is 
275 mA. 
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60 

67 

75 

100 


time 
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22.0 
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17.6 

13.5 


K1 spst printed-circuit relay (Clare LA- 

005, 5-volts, 380 ohms, DIP package) 

K2 spst normally closed reed relay (Gris- 

by-Barton GB821B-2) 

S1 r S2 spdt toggle switch 

S3 dpdt toggle switch 

U1 dual NAND Schmitt trigger 

(SN7413) 

U2,U4 4-bit binary counter (SN7493) 

U3 BCD-to-decimal decoder (SN7442) 


U5 4-line to 16-line decoder/demulti¬ 

plexer (SN74254) 

U6 dual J-K master-slave flip-flop 

(SN 747 6) 

U7 triple 3-input positive NAND gate 

(SN 7410) 

U8,U9 quadruple 2-input positive NAND 

U15,U 16 gate (SN7400) 

U 10,U 17 8-input positive NAND gate 
(SN 7430) 

U11 quadruple 2-input positive NAND 

buffer (SN7437) 

U12.U13 hex inverter (SN7404) 

U 14 
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status, thereby terminating the message 
cycle. 

Clock. 1C U1 is connected as a gate- 
controlled pulse generator. The time be¬ 
tween the negative-going edges of two 
adjacent pulses is set to equal the desired 
unit or bit width, i.e., 22 ms for a 5-level, 
60-wpm machine. 

RTTY 8-unit bit generator. The clock 
pulse from U1 is fed to the 4-bit binary 
counter, U2. The output of the binary 
counter is decoded by 1-of-10 decoder 
U3. This decoder sequentially produces 
eight unit bits each character generation 
cycle. In order of generation they are 
start, five intelligence bits and stop, 
which is 2 units in length. At the end of 
the 7th unit bit (halfway through the 
stop pulse) a step pulse is applied to the 
function gate generator. Complements of 
the bits are available through hex inverter 
U12. An 8 unit code is used instead of 
the standard 7 or 7.42-unit codes in the 
interest of circuit simplicity and mini¬ 
mum package count. 

Function gate generator. The function 
gate generator is functionally similar to 
the 8-unit bit generator described above. 
The decoder section is a 1-of-16 decoder. 
The active function gate is advanced to 
the next decoded line each character 
generation cycle of the 8-unit bit gen¬ 
erator. The last (16th) function gate pulse 
is inverted and applied to system control, 
U6, to terminate the message generation 
cycle. ICs U13 and U14 invert all func¬ 
tion gates to match the character coding 
logic. 

Fixed character. The 2-input and 3 input 
gate ICs in this block combine the active 
function gate and selected intelligence 
bits from the 8-unit bit generator to form 
the desired fixed print and non-print 
RTTY functions. 

Variable character. This block is func¬ 
tionally similar to the fixed character 
block, combining function gates and se¬ 
lected bits to form the desired printing 
functions. It is labeled variable as this is 
the area of the circuit that can be 


programmed for different station call 
signs by use of plug-in circuit boards. 

Spacing override. To realize gate and 
interconnection economy in the fixed 
and variable character circuits during the 
generation of certain characters, it was 
convenient to allow a spacing condition 
to exist at the outputs of these blocks 
during the stop-pulse generation period. 
The logic gates in the spacing override 
block ensure that the stop pulse is always 
fed to loop keyer, even if a spacing 
condition from the fixed or variable 
character blocks happens to be present 
simultaneously with the stop pulse. 

Loop keyer. ICs U11C and U11D drive 
the loop keying relay, K1. Only one gate 
is used when driving a normally-open 
contact relay. The second gate is used as 
an inverter if a normally-closed contact 
relay is used. A high-voltage transistor 
could replace the relay if loop polarity is 
observed. 

character coding logic 

The idle condition of a teleprinter is 
the marking (loop current flowing) state. 
Moreover, examination of a coding chart 
reveals a slight preponderance of mark 
over space in the code as a whole if you 
disregard the seldom used blank charac¬ 
ter. Thus, it is logical to set up a 
condition at the loop keyer where it is 
only necessary to create a spacing condi¬ 
tion at the proper intervals to generate 
the desired message. 

The first space pulse in any character 
or machine function is the start pulse. In 
the letters (LTRS) function, where all 
five information pulses are marking, the 
start pulse is the only spacing pulse in the 
entire code group. Therefore, to generate 
a LTRS function, it is only necessary to 
apply the start pulse to the loop keyer 
— and the machine performs the LTRS 
function. 

Refer to the logic diagram in fig. 2 to 
follow the formation of the LTRS func¬ 
tion. Initially, the circuit is in the standby 
state. Clock U1 is inhibited. Binary coun¬ 
ters U2 and U4 are set to zero count. 
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One-of-ten decoder U3 is low on output 
zero and is high on the remaining 7 
outputs (outputs 8 and 9 are not used for 
5-level codes). 

Output zero of U3 (pin 1) is labeled 
stop 2. This is the last half of the 2-unit 
stop pulse and is applied to U8A as a low 
level. The remaining input to U8A is a 



fig. 3. Callsign programming chart. 


high level from output 7 (stop 1). The 
output of U8A is a high, inverted by 
U8B, and applied to both U11A and 
U1 IB as a low. Therefore, with one input 
of both U11A and U1 IB at a low level, 
the output of these AND gates will 
always be high, regardless of whether 
highs or lows appear at the remaining gate 
inputs. 

For example, in the case of generating 


characters with only one or two informa¬ 
tion bits marking, it is convenient to set 
up the character coding logic so that a 
spacing condition (a high level at the 
output of U17) is applied to the remain¬ 
ing input of U1 IB during the last half of 
the stop pulse. Thus, a low on one input 
of U11B overrides the spacing condition, 
keeping the output of U11B high. This, in 
turn, keeps the loop in the marking state 
during the entire stop-pulse period. 

To initiate generation of the message 
and the first character (LTRS), momen¬ 
tarily depress the start switch, S4. This 
sets the Q output of flip-flop U6 to low, 
removing the inhibit from the clock, U1, 
and removing reset from U2 and U4. The 
first negative-going edge of the clock 
pulse toggles binary counter U2, causing 
output zero (stop 2) of U3 to go high and 
output 1 (start) of U3 to go low. 

At this time both inputs of U8A are 
high, its output is low, and the output of 
U8B is now high and applied to one input 
of both U11A and U11B. Simultane¬ 
ously, output 1 (start) of U3 is low and is 
applied to one input of U10, causing the 
output of U10 to go high. This high is 
applied to the remaining input of U11A. 
Both inputs of U11A are now high, 
causing the output to go low, creating a 
spacing condition at the loop keyer. 

Thus, it may be seen that the loop is in 
a spacing condition immediately follow¬ 
ing arrival of the first negative-going 
edge of the clock waveform. It remains in 
this condition until the next negative¬ 
going edge of the clock again toggles 
binary counter U2; then output 1 (start) 
of U3 goes high and output 2 (intelli¬ 
gence bit 1) goes low. As soon as output 
1 goes high, the output of UtO goes low, 
and the resulting high output of U11A 
causes the loop keyer to return to the 
marking condition. This sequence com¬ 
pletes the generation of the start pulse, 
which is always a spacing condition, 

Successive clock pulses applied to bin¬ 
ary counter U2 move the low output of 
U3 through outputs 2 through 6 (intelli¬ 
gence bits 1 through 5). Since the func¬ 
tion gate generator, U4 and U5, is still set 
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to zero, and because output zero of U5 
(labeled LTRS) is not connected, no 
space pulses are generated during the 
periods of the five intelligence bits and 
the loop keyer remains in the marking 
state. Clock pulses continue to move the 
counter and decoder through 7 (stop 1) 



fig. 4. Alternate loop keyer circuit using a 
normally-closed relay. Relay K2 is a Grigsby- 
Barton 5-volt, 80-ohm spst relay in a DIP 
package. Diode CR1 is a silicon diode. 

and returns it to output zero (stop 2). 
These two units of stop pulse complete 
the formation of the LTRS function. 

space function 

The machine space function character 
code has only bit 3 of the five intelligence 
bits in the mark state. Examination of 
1 -of-16 decoder U5 in fig. 2 shows that 
output zero (pin 1, labeled LTRS) is low 
during the idle condition and during the 
first character generation cycle of U3. At 
the time output 7 (stop 1) goes high, a 
pulse is applied to the clock input to U4. 
This changes the count from zero to 1 
and moves the active low from output 
zero to output 1 in U5. 

Output 1 from U5 (labeled space 1) is 
connected to one input of U7A through 
switch St. This input goes low (all three 
inputs were high), the output goes high 
and is applied to LOB. At this time the 
B3 input to LOB is still high so the 
output goes low, causing the U10 output 
applied to U1 1A to go high. However, 
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since the stop 2 bit applied to U8A is 
now low, the remaining input to 1C 
U11A, is also low, and, the loop keyer, 
U1 1C, continues to hold relay K1 in the 
marking state. 

The next clock pulse applied to U2 
moves the active low output of U3 to 
start. This low is applied to pin 12 of 
U10, but because of the low already on 
pin 3 of U10, the output and input to pin 
9 of U11A remain high. At the same 
moment the active low in U3 moves from 
stop 2 to start, the output of U8B goes 
high and the U11A output goes low, 
creating a spacing condition at K1 for the 
duration of the start pulse. Successive 
clock pulses continue to move the active 
low through the outputs of U3. 

Because input to pin 3 of U10 remains 
in the high state, the loop keyer remains 
spacing throughout the periods of infor¬ 
mation bits 1 and 2. At the instant bit 3 
goes low, the signal at pin 4 of LOB goes 
from high to low and U10 has all inputs 
high. This causes the loop keyer relay K1 
to go to the marking condition for the 
duration of intelligence bit 3. Relay K1 
returns to a spacing condition during the 
periods of bits 4 and 5 and then goes to 
marking during stop 1 and stop 2 periods. 
The space machine function character is 
now complete. 

message characters 

Completion of the space machine 
function character described above has 
advanced the count in U4 to three. 
Decoder U5 is now low on pin 3, labeled 
D. This low is inverted by one section of 
U13 and applied as a high level to pin 9 
of U9D. The character D has intelligence 
bits 1 and 4 marking. These two bits are 
applied to the inputs of U7B. Both inputs 
are high at all times except during the 
periods of bits 1 and 4. Thus, a spacing 
condition exists at the output of U9D 
during the formation of the letter D 
except during the periods of bits 1 and 4, 
which are marking. 

It is now apparent that as each charac¬ 
ter is completed, the gate function 
generator, U4 and U5, is advanced one 
count, and the associated active output is 




applied to a logic gate or group of logic 
gates, enabling the appropriate selection 
of marking or spacing intelligence bits 
from the bit generator, U2 and U3, to 
form the desired characters. 

Character generation continues until 
the beginning of the 17th pulse input to 
U4 which sets output 15 (pin 17) of U5 
from low to high, and applies a negative¬ 
going level to the clock input (pin 1) of 
flip-flop U6. This causes the U6 Q output 
to go low, resetting both binary counters 
to zero and inhibiting the clock, U1, 
returning the message generator to idle. 
Should the clear input (pin 3 of U6) be 
held low continuously, it will override the 
end-of-cycle signal on pin 1 and the 
message generator will repeat itself until 
the low on pin 3 is removed. 

programming 

Switch SI is provided to inhibit the 
space 1 machine function if a space is not 
desired before the first printed character 
in the message. When space 1 is inhibited, 
the message generator forms the non¬ 
printing machine function LTRS. Switch 
S2 inhibits a space after the last printed 
character in the message. Switch S3 in¬ 
hibits the carriage return (CR) and line 
feed (LF) machine functions when a 
continuous line of print across the page is 
desired. 

As many as four different character 
gating configurations are required for 
programming the generator. The gating 
configuration selected for a specific char¬ 
acter is dependent upon the number of 
marking pulses in the character. Fig. 3 
tabulates characters according to their 
marking pulse content and illustrates the 
appropriate gating configuration. The no¬ 
tation FG at a gate input in fig. 3 
indicates connection to the inverted func¬ 
tion gate originating at U5. The notation 
IVT indicates connection to the appropri¬ 
ate marking bit from the bit generator. 
Note that marking bits are selected only 
when the character contains one or two 
marking pulses. 

The notation S' indicates connection 
to the appropriate spacing bit from U3. 
Spacing bits are selected when the desired 


character contains three or four marking 
pulses. The numerals to the right of each 
character in columns one and two refer to 
the location of marking pulses in the 5-bit 
pattern. The numerals in columns three 
and four refer to the location of spacing 
pulses in the bit pattern. 

In gate D (fig. 3) note the absence of a 
prime mark after the S input reference. 
This means that the spacing bit for 
characters in column four must be in¬ 
verted instead of coming directly from 
the outputs of U3. Refer to connections 
in U8C and U12, pin 8 in fig. 2 for an 
example. 

As previously covered in the text, no 
gating or connections are required for the 
LTRS function. 

construction 

The physical configuration of the pro¬ 
totype message generator consists of two 
printed-circuit boards (main and station 
call) with edge connectors, a regulated 
power supply and a fully enclosed alumi¬ 
num cabinet to provide radio frequency 
interference shielding as well as control 
mounting facilities. The main printed- 
circuit board is a universal dual in-line 
package (DIP) type breadboard with 15 
sets of DIP 1C pads for the 14 ICs and 
one DIP reed relay. Each 1C pin pad has 
up to three solder pads for intercon¬ 
nection. The station call board is about 
half the size of the main circuit board and 
contains the three ICs indicated within 
the station call coding logic box in fig. 2. 

Total cost of the 1C packages for this 
unit is less than ten dollars. The cost of 
all components including ICs, power 
supply and transformer, but not including 
the printed-circuit boards, connectors and 
cabinet, amounts to less than $35.00. 
These costs are based on single unit 
prices. 

Although not indicated in the logic 
diagram or in the parts list, the prototype 
unit uses a 4-position, single-pole rotary 
switch to select one of four 1000-ohm 
trimpots (R1) in the clock circuit. Each 
trimpot is adjusted for one of the four 
operating speeds listed in the speed-time 
chart in fig. 2. Also not shown on the 
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logic diagram are V cc -to-ground bypass 
capacitors for ICs U1 through U6. These 
are 0.1-juF disc ceramic capacitors 
mounted as closely as possible to the 
V cc and ground pins of each of the 
indicated ICs. These capacitors are re¬ 
quired for suppressing noise generated by 
internal 1C switching transients. 

The spark suppression network (C2, 
R7) across Ihe contacts of Ihe keying 
relay is mandatory. Operation of the 
device without this network will result in 
premature failure of relay contacts, and 
in erratic operation of the circuit due to 
noise. Diode CR1 suppresses the voltage 
transient caused by back-emf generated in 
the coil of the relay at de-energization. 

The normally open, spst reed relay, 
K1, is the type actually used in the 
prototype. It is less costly and easier to 
obtain from supply sources than the 
normally-closed, spdt reed relay, K2, 
shown in the alternate loop keyer config¬ 
uration in fig. 2. Actually, the alternate 
configuration is preferred for most appli¬ 
cations because loop continuity is main¬ 
tained when power is removed from the 
unit. 

The power supply consists of a 6.3 
volt, one ampere power transformer and a 
rectifier-regulator circuit with 1% line¬ 
load regulation of the 5-volt dc V cc 
output. The V cc supply should be main¬ 
tained within the limits of 5 volts, ± 5%. 

troubleshooting 

Troubleshooting improper operation is 
simplified if a typing reperforator is 
available as this permits recording of all 
normally non-printing machine functions 
on paper tape. Should a character not be 
the same as programmed, correlation of 
the tape readout with the appropriate 
area of the logic diagram should assist in 
isolating the problem. Experience has 
shown that almost all initial checkout 
problems in a handwired prototype result 
from improper or missing connections. 

Rf interference can cause problems, 
although the prototype has functioned 
without error in the immediate vicinity of 
gain radiators with power inputs of 100 
watts rms at 14 MHz. Most rfi problems 
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can be cured with proper application of 
shielding and installation of bypass capac¬ 
itors on all the input and output lines. 

summary 

A simple, reliable, low-cost method of 
generating short RTTY messages has been 
described. An operational prototype mes¬ 
sage generator using state-of-the-art in¬ 
tegrated circuits has been constructed and 
tested under field operation conditions. 
This unit was built with components 
costing less than thirty-five dollars at unit 
quantity prices. 
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"I've discovered how to keep it playing a 
little longer at a time. I put a 
time-lag fuse in the box.” 
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standard 

the board there are no less than eighteen 
frequencies available extending from 2 
MHz down to 1 Hz. Ten of these, of your 
choice, are connected to a rotary switch 
for calibrator use while the lower fre¬ 
quencies below 1 kHz that would not 
normally be used with the station re¬ 
ceiver, are picked off terminals on the 
circuit board by a small clip lead when 
needed. 

The design is flexible. If you do not 
need the versatility of the complete unit, 
the photo shows a frequency standard 
that will provide markers at 1 and 2 MHz, 
and at 500, 250, 100, 50, 25 and 12.5 
kHz with the installation of only three 
digital 1C packages. Provision is made on 
the circuit board for as many or as few 
output frequencies as are likely to be 
needed. 

circuit features 

Features include excellent frequency 
stability, front panel calibration and a 
precise, self-contained, regulated power 
supply. An adjustable level control is 
included so the calibrator output can be 
matched to incoming signals such as 
WWV for really accurate zeroing or ad¬ 
vanced full on for strong, clear markers. 
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With proper temperature compensation, 
the frequency standard will stay within 1 
Hz of WWV at 10 MHz over an extended 
period of time with no adjustment. 

This precision is not needed if the unit 
is used only to find band edges or set the 
receiver graticule. However, for frequency 
measurement or use as a time base for a 


move, capacitors change value. Solid-state 
circuitry has substantial advantages over 
vacuum-tube circuits; much heat is elimi¬ 
nated, components run cooler and the 
crystal is driven at the low levels recom¬ 
mended by the manufacturer. However, a 
substantial amount of drift can come 
from the semiconductor alone. 
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fig. 1. Solid-state crystal oscillator circuits. Fet circuit in (A) is considerably more stable than the 
bipolar circuit shown in (B). For a more stable bipolar oscillator circuit, see fig. 2. 


counter or digital clock, you need all the 
accuracy you can get. The best reason for 
going first class is that it costs little more, 
and probably less, in this do-it-yourself 
project. The required stability can be 
obtained with inexpensive construction. 

The oscillator circuit in this calibrator 
was first used as a stable time base for a 
digital clock and later in a receiver. 1 
Several circuits evaluated in drift tests 
showed the Clapp-Colpitts to be most 
stable — not a new circuit, but seldom 
used in recent designs. While both the 
circuit used and the TTL logic is familiar, 
it is the combination of circuit, crystal 
and construction that makes this calibra¬ 
tor better. Stability comes when a few 
hertz drift is removed or greatly reduced 
from each of several sources. A 10-Hz 
drift caused by a trimmer might be 
tolerated, but when the drift from other 
sources is combined, the total becomes 
excessive. 

Most oscillator circuits would cause 
even a perfect crystal to drift. Voltage 
and temperature changes cause changes in 
the semiconductor's internal impedance. 
Trimmers don't stay where set, wires 


How much? Two circuits are shown. 
Fig. 1A shows a fet oscillator circuit using 
crystals in the 1- to 9-MHz range. The 
crystal ground for 32-pF load is some¬ 
times brought on frequency with a small 
trimmer. If this circuit is built so the 
semiconductor is isolated, it can be heat 
cycled without affecting other compo¬ 
nents and the drift can be measured on a 

tOOk 22k 



fig. 2. This transistor crystal oscillator circuit is 
stable because impedance changes are swamped 
out by the 1500-pF silver-mica capacitors. 
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Frequency standard and power supply are installed in a 3x5x7~inch (7.6x12*7x17.8-cm) Minibox. 


digital counter. The best of several fets 
caused a change of 12 Hz at 4 MHz with a 
5-degree ambient temperature variation. 

Fig. IB shows a transistor in a similar 
oscillator circuit, not recommended, but 
sometimes used. Although not as sensitive 
as the fet to temperature, a change of 
only one volt caused a 70-Hz frequency 
shift. If this circuit is modified as shown 
in fig. 2, there is a substantial improve¬ 
ment. Changes of ten degrees and one 
volt did not cause a frequency change 



Printed-circuit board with all logic packages 
installed, as would be required for driving a 
digital clock or a frequency counter. One 
jumper is used. 


readable on the counter. The transistor 
case could be heated with a soldering iron 
to the point where it burned the fingers 
with a 2 Hz change registered at 4 MHz. 

These experiments show both the ex¬ 
tent of drift that can be contributed by 
the semiconductor and indicates the solu¬ 
tion. The more stable the capacitance 
used across the transistor, the better the 
stability. The 1500-pF capacitors have a 
very low reactance at 4 MHz, swamping 
out any other impedance changes in the 
circuit. This circuit will not oscillate with 
some transistors because there must be 
enough gain to sustain oscillation. This 
requirement is met by the Motorola 
HEP715, a pnp device with a typical beta 
of 120. Other transistors with similar 
current gain can be substituted. 

the crystal 

Some time ago while working with 
digital counter time bases 2 I noticed that 
the ordinary 100-kHz crystal was not as 
stable as it might be. A time base derived 
from the power line was nearly as ac¬ 
curate. Although used in amateur calibra¬ 
tors for many years, the 100-kHz rock is 
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fig. 3. Stable transistor crystal oscillator circuit. Equivalent circuit in (B) shows how 1500-pF 
capacitors swamp out any internal impedance changes which would cause the output frequency to 
drift. 


not a good choice as it must be stabilized 
by use of an oven; this adds bulk, expense 
and a heater supply. 

A better crystal for a frequency stan¬ 
dard is the high-accuracy 4-MHz crystal 
recommended by W6FFC. 3 High accura¬ 
cy as used here means the crystal drifts 
less, and at a predictable rate. Although 
cheaper crystals in the 1- to 5-MHz range 
are better than those at 100 kHz, they are 
subject to random drift which is difficult 
to compensate. Therefore, it is important 
to obtain the better quality crystal. They 
are manufactured by both Sentry and 
International and cost less than $10.* 

Note the drift characteristic curves for 
a typical AT-cut crystal in fig. 4. As the 
temperature increases, the crystal fre¬ 
quency decreases. Drift can be almost 
entirely eliminated at room-temperature 
operation which most amateurs are inter¬ 
ested in by selecting the proper value of 
negative coefficient compensation capaci¬ 
tor. Curve A requires the most compensa¬ 
tion while curve B requires little if any. A 
crystal cut for a 32-pF load allows about 
30 pF for compensation with the piston 
trimmer adding the 2 or 3 pF needed to 
pull the crystal to the exact frequency. 

•Write for their catalogs. Sentry Manufacturing 
Company, Crystal Park, Chickasha, Oklahoma 
73018; International Crystal Manufacturing 
Company, 10 North Lee, Oklahoma City, Okla¬ 
homa 73102. 


A new crystal might require anything 
from a maximum of 30-pF (N1500) to a 
30-pF silver mica (NPO), depending on its 
temperature vs frequency characteristic. 
Since there is no way to know what will 
be needed, it is advisable to have a supply 
of different values of N750 and N1500 
coefficient capacitors on hand, with small 
silver micas to pad the total to 30 pF, 
before starting any temperature compen¬ 
sation work. A piston trimmer is recom¬ 
mended because of the smoother adjust¬ 
ment and lack of drift. It is also easier to 
determine if capacitance is being added or 
removed, useful information when tem¬ 
perature compensating the calibrator. 



If you don't need the versatility of the com* 
piete unit, this photograph shows a frequency 
standard that will provide markers at 1 and 2 
MHz, and at 500, 250, 100, 50, 25 and 12.5 
kHz with the installation of only three logic 
packages. 
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fig. 5. Complete schematic diagram for the universal secondary frequency standard. Unit uses high 
performance TTL logic ICs. A printed-circuit layout is shown in fig. 6. 


the circuit 

In fig. 5 the pnp oscillator transistor, 
Q1, is coupled to the TTL logic by 
transistor Q2. The 7493 binary dividers 
U1 and U5 are used to divide by factors 
of 2, with 7490 decade packages making 


up the remainder of the logic. 1C U5 has 
two inputs for 5 kHz and 100 kHz. Reset 
pins 2 and 3 control operation of the 
logic, either by switch SI, the standby 
switch, or by progressively shorting con¬ 
tacts on the rotary switch. 

This way, the oscillator runs contin- 
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uously for best stability, and unused 
packages are disabled. It prevents some 
markers from leaking across the selector 
switch and being heard in the receiver. If 
this feature is not wanted, pins 2 and 3 
should be jumpered to ground. 

Board outputs and compensating ca- 


easily supplied by a LM309K voltage 
regulator 1C mounted on a heatsink (fig. 
6). All power supply components except 
the power transformer are mounted on 
the circuit board. High temperature shut¬ 
down and overcurrent protection are pro¬ 
vided by the regulator. 



fig. 6. Power supply for the universal frequency standard. 


pacitor terminals appear at convenient 
terminals at the top of the board made by 
forcing short lengths of bare number-12 
wire into 5/64-inch holes. This facilitates 
exchange of compensating capacitors, or 
selection of a different logic output at 
some future time. After completion, it is 
difficult to work on the underside of the 
board without removing several wires. 

The fast switching TTL logic has active 
transistor pull-up circuitry which is well 
suited to driving external loads. The 
2900th harmonic of the 10-kHz marker is 
over S9 in the ten-meter band, In the 
unlikely event that a logic package fails, 
repair would be facilitated if Molex 
sockets are used. 

The full current drain with all 1C 
packages installed is 5 volts at 260 mA, 



fig. 4, Frequency vs temperature chart for 
typical high-accuracy AT-cut crystals. 


construction 

This frequency calibrator is simple to 
build. The circuit board may be hand 
duplicated following the layout given in 
fig. 7, or an etched, plated epoxy board is 
available which speeds construction and 
minimizes errors.* Parts locations and 
identifications are screened on the board. 
It is only necessary to drill the 1C holes 
with a number-60 drill, insert parts, and 
solder. The assembly is mounted in a 
compact 3x5x7-inch Minibox. 

temperature compensation 

Crystals should be ordered for 
0.0005% tolerance, F-700 or SP7-P hold¬ 
er (depending on manufacturer), 32-pF 
load, 4 MHz at room temperature. New 
crystals should be operated for a time 
before starting any compensation work. 
You will need the previously mentioned 
supply of N750 and N1500 capacitors, 
and a receiver with an S-meter that will 
tune WWV. 

Start with 15 pF in parallel with a 
15-pF N750, allow an hour for the unit 
to stabilize, and adjust to frequency using 
the S-meter on the receiver as an aid to 
exact zeroing. Select a time when WWV is 

*An epoxy, plated 4x6-inch printed-circuit 
board for this frequency standard is available 
from the author. $8.00, postpaid, in the United 
States. 
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fig. 7. Printed circuit layout for the secondary 
frequency standard. Boards are available from 
the author for $8.00, postpaid. 


moderately strong, with little fading, so 
the meter remains reasonably steady. 

The standby switch, SI, is turned on 
and the calibrator level control advanced 
about halfway so both signals are heard. 
At first, the calibrator will probably be so 
far off frequency that an audible beat 
note will be noted, mixed with the WWV 
tone. As it is zeroed, the warble in the 
WWV tone will decrease in pitch until it is 
no longer heard and the S-meter will 
swing, rapidly at first, then slower, as 
tuning becomes more exact. 

The amplitude of this swing will maxi¬ 
mize when the calibrator level is equal to 
WWV's strength. It should be easy to set 
the calibrator exactly in zero beat with 
WWV at 10 or 15 MHz. When this is 
finished, note the temperature of the 
room on a thermometer, and record it for 
reference. Recheck the frequency with 
WWV periodically, and if there is any 
drift note the temperature and the direc¬ 
tion the trimmer must be adjusted — to 
add or remove capacitance. If this trim- 
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mer capacitance must be reduced for a 
temperature increase, more N750 or even 
N1500 capacitance is needed, always pad¬ 
ding the combination to a total of 30 pF, 
after a few tries the exact value of 
compensation will be found. 

Take your time during this work and 
be sure a trend is established before 
changing capacitors, possibly making two 
or more observations before proceeding. 
The temperature compensation is easier 
to accomplish than it appears and makes 
the difference between an ordinary and a 
precision instrument. 

some uses 

The photos show a frequency standard 
supplying pulses for a digital clock. This 
clock controls nineteen slave clocks in a 
broadcast installation, so reliability and 
accuracy are important. The clock is 
made immune to momentary power-line 
failures by floating the dc supply across a 
nicad battery large enough to operate the 
logic until emergency power can be start¬ 
ed or service is restored, whichever comes 
first. 

Fig. 8 shows diodes used to drop the 
battery voltage to TTL requirements. The 
one-second pulses from this standard are 
so accurate that this clock stays on 
the tick with WWV for weeks with no 
correction. 

In this circuit the 4-MHz crystal fre¬ 
quency is divided by a factor of 4 X 10 6 
to obtain the one-second pulses. If this 
crystal drifted an extreme 1 Hz away 
from nominal, it would require four 
million seconds (or 46.3 days) for the 
clock to accumulate an error of one 



4 25 V TO RCA 
NUMITRON DRZOi 
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+ 5V i? 5 A) 


TO TTL LOGIC 
IN CLOCK AND 
FREQUENCY 
STANDARD 


fig. 8. Failsafe power supply used with the 
digital clock described in the text. 







Precision digital clock discussed in the text. The frequency standard board used to provide the 
1-second driving pulses is located in the foreground on the upper deck. Nicad battery to the right is 
part of the failsafe power supply {see fig. 7). 


second. But, since the crystal is compen¬ 
sated closer than this, and any minor drift 
is above and below the frequency, the 
average error is very small. 

The secondary frequency standard 
would also make a good time base for a 
digital or Rec-Counter. 5 Readout kits 



1-MHz output of the frequency standard as 
observed on a 10-MHz oscilloscope. Rounded 
waveform shows bandpass limitation of the 
scope. Horizontal scale is 0.2 microsecond per 
cm. 


with the tubes, storage latches and counter 
ICs are advertised in this magazine, so 
only the gating circuitry would have to be 
hand wired. Other applications for the 
standard include audio oscillator or signal 
generator calibration, or calibration of 
the sweep time base in oscilloscopes. 
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I recently completed a homebrew receiver 
project which included a 455-kHz i-f 
strip, and I needed a signal source to align 
it. My home workshop doesn't boast a 
signal generator, and even if I had one, I 
would have no way of precisely setting its 
output frequency to 455 kHz. A little 
thought and investigation provided a fair¬ 
ly cheap and easy solution. 

circuit 

A schematic of the resulting generator 
is shown in fig. 1. It consists of an fet 
crystal oscillator and an amplitude modu¬ 
lator. I decided on crystal frequency 
control because it would set the frequen¬ 
cy accurately and because 455-kHz 
crystals are available from JAN Crystals 
for $1.75 plus 10 cents postage.* These 
crystals are supplied in an FT-241 holder; 


# JAN Crystals, 2400 Crystal Drive, Ft, Myers, 
Florida 33901, 
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the pins are 0.093 in diameter with 0.486 
spacing. JAN sells the mating SSO-1 
socket for 15 cents. 

Transformer T1, the drain load for the 
fet oscillator, is a 455-kHz i-f transformer 
salvaged from a junked a-m transistor 
radio. This provides a simple way to tune 


A Colpitts audio oscillator is used to 
provide amplitude modulation, and a 
switch allows the modulation to be 
turned on or off. A surplus 88-mH toroid 
is used in the audio oscillator. These can 
be found listed in surplus and classified 
ham ads for about 50 cents each or less. 



fig. 1. Schematic for the 4SS-kHz signal generator. Transformer T1 was salvaged from a junked 
transistor broadcast radio. 


the drain circuit and obtain a low output 
impedance. Removing these transformers 
from the radio PC board is tricky because 
you have to simultaneously melt the 
solder at several different points. A large 
soldering iron is an advantage. 

The junked radio had three i-f trans¬ 
formers, and I tried all three. I couldn't 
get the first one (mixer output) to oscil¬ 
late at all, but it may have been damaged 
in removing it from the PC board. The 
last i-f transformer (which feeds the 
detector) had the highest output, but 
oscillations stopped if it was loaded with 
less than 200 ohms. I used the middle 
transformer because it would still oscil¬ 
late when loaded with 50 ohms. 

Another source of i-f transformers is 
Radio Shack. They sell a kit of four 
transformers for $1.39 (catalog number 
273-1383). I believe the one in this kit 
which would correspond to the one I 
used is color-coded white. 


The one I used has four leads, and two 
adjacent leads must be tied together to 
provide the center-tap. The audio fre¬ 
quency is about 1-kHz, but this may be 
altered by changing the value of the 
0.47-juF tank capacitors. 

I used a 2N3819 fet, but a Motorola 
MPF102 or Siliconix U183 should per¬ 
form identically. The 2N5449 modulator 
should be available at local Radio Shack 
stores for 79 cents (catalog number 
276-2014). 

construction 

As shown in the photographs, the 
generator is housed in a 2%x2%x5-inch 
Minibox. A piece of perfboard holds most 

GERMANIUM 



fig. 2. Arrangement used to adjust transformer 
T1 for maximum rf output. 
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Layout of the 455-kHz i-f signal generator. All 
components are wired on a section of perfboard 
which is mounted in a small Minibox. 

of the circuit components. It is mounted 
in the Minibox by two screws with ’/ 2 -inch 
spacers. The 88-mH toroid is held to the 
perfboard by a screw and two discs {one 
metal, one plastic) which were furnished 
with the toroid. I detected nothing criti¬ 
cal in the layout. 

One end of the Minibox holds the 
modulation switch, output phono jack 
and level control. Two 5-way binding 
posts are mounted on the other end for 
connecting the generator to a dc power 
source. 

operation 

The fet may not oscillate until T1 is 
adjusted. Connect a sensitive vom to the 
output through a germanium diode detec¬ 
tor as shown in fig. 2. Set the level 
control at maximum and the vom to its 
most sensitive dc volts scale. Now adjust 
the tuning slug in T1 for a maximum 
reading on the vom. This will only be a 
fraction of a volt, but this is more than 
enough for i-f amplifier alignment. The 
level control pot will not set the output 
voltage low enough for sensitive i-f cir¬ 
cuits, and I found it necessary to use the 



external attenuator shown in fig. 3 to 
prevent overdriving the i-f strip. 

Although the circuit was originally 
designed to operate from a 12-volt dc 
supply, it appears to perform well using 
only a 9-volt transistor radio battery for a 
power source. Current drain is about 7 
mA with a 12-volt supply and 5 mA using 
the 9-volt battery. 

conclusion 

This little gadget is intended only for 
455-kHz i-f alignment which is a rather 
limited use. However, it has a limited cost 
too — only a few dollars. A well stocked 
junk box can cut the dollar outlay to a 
very nominal amount. I haven't had an 
opportunity to check its frequency on a 
counter or observe its output waveform 
on an oscilloscope, but it performed its 
intended function to my satisfaction. If 
amplitude modulation is not required, the 
unit could be simplified to a single fet 
circuit. This would reduce battery drain 
substantially. A worthwhile addition 
would be a built-in step attenuator which 
would permit setting the output voltage 
to micro-volt levels. 

ham radio 



fig. 3. External attenuator which may be used “The wife just gave me a hint of 

to decrease generator output. something I need to do!" 
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multichannel 


fm receiver 


for six and two 


How to use 
commercial fm 
receiver strips 
in a multichannel, 
two-band vhf 
fm receiver 


Surplus public-service vhf-fm equipment, 
which is sold in strip form, can be used as 
the basis for a low-cost, multichannel, 
two-band fm receiver. This is accom¬ 
plished simply by adding a two-meter 
converter and a logic crystal oscillator 1 to 
a single-channel 30-50 MHz Motorola 
Sensicon receiver strip as shown in block 
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form in fig. 1. If the output of the 
two-meter converter is fed into the strip 
receiver's first-conversion i-f input, and a 
logic oscillator is provided as the local 
oscillator (17.775 to 17.830 MHz) the 
strip will cover the fm channels for 
146.34/94 MHz. By adding a multiple 
crystal oscillator operating at approxi¬ 
mately 16 MHz and appropriate switching 
controls, two-band control and channel 
selection is possible. 

These modifications are not limited to 
Motorola receivers, as there are a number 
of commercial fm receiver strips sold in 
the same way. Any of these strips can be 
adapted to perform the same task. How¬ 
ever, before modifying one of these units 
it's a good idea to put it into operating 
condition before adding to the confusion. 
A circuit diagram and receiver tuneup 
data, if you can find them, are a great 
help in this respect. Information on many 
of these units is included in The FM 
Schematic Digest. 2 

two-meter converter 

If you already have a good two-meter 
converter, all you have to do is convert its 
output frequency to the same frequency 
as the receiver strip you are going to use 
(4.3 MHz in the Motorola Sensicon re¬ 
ceiver strip). This may be as simple as 


54 EB february 1974 


plugging in the two-meter logic oscillator 
and realigning the converter, or it may 
require more extensive circuit modifica¬ 
tions. If considerable modification is re¬ 
quired, it might be easier to build a 
two-meter converter specifically for use 
with the fm receiver strip. 

My two-meter 
converter consists of a 
single mosfet rf stage 
using an RCA 40822 
mosfet. Another mos¬ 
fet, an RCA 40823, is 
used as the mixer (see 
fig. 2), Both of these 
devices were designed 
for vhf work and pro¬ 
vide good performance 
on two meters. The rf 
amplifier has excellent 
gain as an unneutralized 
rf amplifier, a low noise 
figure, and wide dy¬ 
namic range which re¬ 
sults in low cross modu¬ 
lation. The dual-gate 
mosfet used in the mix¬ 
er stage isolates the in¬ 
put from the output 
and allows low-level 
I ocal-oscillator injec¬ 
tion. 

The tuned input network to the rf 
amplifier is designed to match a 50-ohm 
antenna. The small trimmers. Cl and C2, 
the inductor, LI, and the rf amplifier 
transistor, Q1, are located in a shielded 
compartment made from 1-inch-wide 
strips of copper-clad PC material. The 
drain lead of Ql passes through a small 
hole in the shield wall and is connected to 
inductor L2. Gate 2 and the source lead 
of the mosfet are connected directly to 
1000-pF standoff capacitors. The 275- 
ohm source resistor is grounded next to 
the source bypass capacitor with as short 
leads as possible. A ferrite bead is instal¬ 
led on the drain lead. 

Similar construction is used for the 
mixer stage. A small coaxial cable must 
be used to connect gate 2 of the mixer to 
the output of the multiplier chain. This is 
because the mixer requires only a small 
amount of local-oscillator signal — un¬ 


wanted signals can leak in and appear in 
the 4.3-MHz output. 

local oscillator 

Construction of the logic oscillator 
will not be discussed as that was covered 
in detail in the previous article. 1 Crystal 



fig. 1, Block diagram of the multichannel six-and two-meter fm 
receiver using a Motorola Sensicon receiver strip. 


frequencies for the logic oscillator may be 
determined from the following formula 
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(50 MHz) 


where f xta i is the crystal frequency, f Q is 
the desired operating frequency and fj. f is 
the intermediate frequency of the re¬ 
ceiver strip (often 4.3 MHz). For ex¬ 
ample, the crystal required for a two- 
meter input frequency of 145.500 MHz is 

, _ 145.500- 4.30 

* v 


•xtal 


8 


= 17.650 MHz 


For a six-meter input at 52.525 MHz, the 
required crystal frequency is 


52.525 - 4.30 


'xtal 


16.075 MHz 


february 1974 m 55 











L .0. 

war 



L1,L2 6 turns number 22, air wound, V*" diameter 

L3 6 turns number 22, air wound, diameter, center tapped 

L4 37 turns number 32 on Amldon T50-2 toroid core 

fig. 2. Simple two-meter converter for the two-band fm receiver. The ferrite bead on the drain lead 
of Q1 is an Amidon 45-101. 


The frequency-selector switch is a 
2-pole, 6-position rotary wafer switch 
wired so that +12 volts is applied to the 
two-meter converter when the two-meter 
channel crystals are switched into the 
circuit. More crystal frequencies can be 
added simply by adding additional logic 


oscillator stages — the only limiting factor 
to the number of logic-oscillator channels 
is the current handling ability of the 
voltage regulator. 

The logic oscillator will operate pro¬ 
perly with fundamental-mode crystals up 
to about 20 MHz. Above 20 MHz it is 


35 5 MHz 70 9 MHz * 4 / 625 MHz 



fig. 4. Local oscillator multiplier chain. Stagger-tuned circuits provide relatively flat output across 
the two-meter fm band. L1 t L3 and L5 are peaked for the lowest frequency crystal; L2, L4 and L6 
are peaked for the highest. 
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necessary to use higher speed gates than 
the TTL ICs shown in fig. 3. Do not use 
overtone crystals in this circuit as they 
will not oscillate at the same frequency as 
that marked on the crystal can. 


spaced by the diameter of one coil form 
(%inch). The input coil of each pair is 
peaked for the lowest frequency crystal 
while the secondary coils are peaked for 
the highest frequency crystal. The fre- 


7-45 pF Yl 17650 MHi 



fig. 3. The logic oscillator circuit uses TTL ICs which are suitable for use with fundamental crystals 
up to approximately 20 MHz. Overtone crystals do not operate properly in this circuit. 


Construction of the local-oscillator 
chain {fig. 4) is very straight forward and 
should cause no problems. The stagger- 
tuned stages provide the bandwidth 
necessary to cover the entire two-meter 
fm band. Each of the inductors is wound 
as described in fig. 4, and the coil pairs 


quencies indicated in the circuit diagram 
are the approximate center frequencies of 
the stagger-tuned stages. 

The two-meter converter, logic oscil¬ 
lator and multiplier chain are built on a 
single piece of copper-clad board 3-inches 
wide by 8-inches long. The oscillator is 
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fig, 5, Partial diagram of the Motorola Sensicon receiver strip used in the two-band fm receiver built 
by WtSNN. 


built into a separate shielded compart¬ 
ment as are the multiplier chain and the 
two-meter rf amplifier and mixer stages. 
Short lengths of coaxial cable are used to 
connect these units together and to the 
fm receiver strip. 

receiver strip 

The low-band Motorola Sensicon re¬ 
ceiver (model PA9244-12) I modified for 
use in the two-band receiver is easily 
moved into the six meter fm band by 
replacing the fixed tuning capacitors in 
the rf amplifier, mixer and local-oscillator 
stages. The values for these capacitors are 
given in the Motorola schematic and are 
prefixed with the letters L, M or H, 
depending on the desired operating fre¬ 
quency. The H values (for high-band) are 
the values that should be installed for 
six -meters. 

To use the receiver strip in the two- 
band fm receiver it is necessary to add an 
i-f input jack and an access jack to the 
first local oscillator. The i-f jack is located 
close to VI03 so that the lead to pin 5 of 
the 6CB6 is as short as possible (see fig. 
5). Another jack is mounted on the 
opposite side of the chassis and con¬ 
nected to pin 2 of V104, the grid of the 
12AT7 oscillator multiplier. This com¬ 
pletes the modifications to the receiver 
strip. 


The receiver is aligned by connecting a 
center-scale dc vtvm to the discriminator 
output and adjusting the frequency con¬ 
trol trimmer of each channel crystal until 
the meter reads zero with an incoming 
signal. 
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vhf fm scanner 
modifications 

Although solid-state equipment is fast 
becoming the ideal equipment, at the 
same time there is still quite a bit of 
tube-type equipment in use. At the time I 
saw the February, 1973, edition of ham 
radio I was in the process of trying to 
come up with a scanner to add to my 
base station receiver. After looking over 
K2ZLG's vhf fm receiver scanner, I de¬ 
cided it was worth a try. However, the 
basic design was not completely accepta¬ 
ble for use with tube-type equipment. 
The following modifications were devel¬ 
oped and tried. So far the unit has 
worked flawlessly. 

Since most vacuum-tube receivers pro¬ 
duce a negative-going voltage when the 
squelch is open, the original input circuit 
will not work. The circuit shown in fig. 1 
was finally tried and seemed to work the 
best of any. One of the major problems 
with the bipolar input was to get the 
input impedance high enough to prevent 
loading of the receiver squelch circuitry; 
the dual-gate fet takes care of this pro 
blem nicely. 





fig. 1. Input circuit for frequency scanner. 


tebook 

A negative-going voltage of more than 
-2 volts is required to stop the scanner. 
However, this voltage should not be more 
than -6 volts at the gate of the fet. For 
voltages in the range of -2 to -6 volts R2 
can be eliminated. For voltages higher 
than -6 volts, R1 and R2 should limit the 
gate voltage to less than -6 volts. Typical 
values are between 1 and 10 megohms. 
The important thing is to try to keep the 
input impedance as high as possible since 


+ SV 



fig. 2. Output circuit. Repeat for each channel. 


loading of less than about 1 megohm will 
interfere with normal squelch operation. 

The next problem is that most tube- 
type receivers use separate oscillators for 
each frequency. Most circuits require that 
the cathode of the appropriate oscillator 
be grounded for operation of that parti¬ 
cular oscillator. In addition, the un¬ 
grounded cathode produces about 30 
volts. The simplest way around this 
seems to be to use an npn transistor to 
isolate the cathode from the scanner since 
TTL circuitry will not normally tolerate 
30 volts. This is shown in fig. 2. The 
transistor used is non-critical as long as it 
will withstand the voltage present when 
the tube cathode is above ground. 

In the unit at my station some 
MC4039 ICs were on hand instead of the 
7446 decoder, so these were used. This 1C 
happens to have an enable pin that was 
used with an inverting transistor off the 
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output of the input circuit. I didn't like 
seeing the numbers go by as the unit 
scanned, and this configuration turns the 
readout off while the unit is scanning. 
The same thing could be done by putting 
a switching transistor in the +5-volt line 
to the readout. 

Mike Jones, WA5WOU 

10 MHz coverage 
for the SB-303 

The utility of 15-MHzWWV reception 
on Heath SB-303 receivers is somewhat 
dubious, considering present propagation 
conditions in this area. I've changed mine 
to tune WWV-10, finding virtual 24-hour 
coverage on 10 MHz. Modifications are 
relatively simple, but refer to the manual 
and schematic. 

The 23.895 MHz crystal, Y104, used 
for 15 MHz, is replaced with an 18.895 
MHz, HC6-U type, third overtone crystal 
intended for a 32 pF load. This change is 
made on the crystal switch-board 
(85-348), whose Xray pictorial with other 
PC boards is found at the back of the 
SB-303 manual. 

To resonate the LC circuit marked “15 
MHz" on the heterodyne oscillator 
switch-board , a 33-pF dipped mica or disc 
capacitor is added across C131. The slug 
in L117 must be moved in a few turns 
until oscillation occurs as noted by 
voltage appearing at TP on the PC board. 
An extra half-turn provides positive 
crystal starting when switching bands. 

Modification of the rf amplifier 
switch-board (85-346) involves isolating 
foil pad areas around switch-points 5 and 
6. Switch-point 5 wifi then be jumpered 
back to the foil lead coming from L111, 
the 14-MHz tuned circuit. A new reso¬ 
nant circuit for 10 MHz is required. I 
used 22 turns of number-24 enamel wire 
on an Amidon T-50-2 toroid, turns 
spaced evenly around the core. This is 
approximately 2.9 juH which, with a 
47-pF disc in parallel, will resonate — out 
of the circuit — at 14 MHz. The older 
vacuum tube type of grid dipper will dip 
this unit satisfactorily. One end of this 


LC combination is soldered to switch- 
point 6 (on 85-346) and the other to 
ground foil near the rf in phone jack. 
Mount it close to the board, avoiding 
shorts. 

Operation of the receiver on 10 MHz 
may be checked by attaching a short 
antenna through a few pF to rf in at 
Cl 06 on the amplifier switch-board. The 
preselector should resonate broadly at 
about 30 to 40 percent of its range. 

The antenna switch-board (85-345) is 
modified similarly to the previous PC 
board. Again, switch-point 5 and 6 pad 
areas are isolated, 5 being jumpered back 
to the foil lead running to the 14-MHz 
tuned circuit L103-C103. Also, between 
and clear of switch-points 6 and 7, drill 
about a number-58 hole. This board has 
a double-section rotary switch, the 
section nearest the board being the 
secondary, and the outer, the primary. 
Switch-points 5 and 6 on the primary are 
isolated by unsoldering the blue wire and 
jumper between 5 and 6. Resolder the 
blue wire directly to switch-point 5 (14 
MHz). 

Primary switch-point 6 is left blank for 
the moment. The LC antenna circuit also 
uses an Amidon T-50-2 toroid with 22 
turns of number-24, with the addition of 
6 turns of number-26 or -28 wire forming 
the primary. Use an adjacent winding 
rather than over-winding for the primary. 
The tuning capacitor is again a 47-pF disc 
paralleled with the 22-turn secondary. 
The combination mounts on the foil side 
of the board (85-345). 

One end of the secondary goes to 
switch-point 6 and the other to any 
convenient ground-foil point. One side of 
the 6-turn primary also ties to this point, 
the other side being fed through the 
pre -dr i I led hole and soldered to outer 
switch-point 6. An adjustment of a turn 
on the secondary may be desirable for 
better tracking, but I found the pre¬ 
selector tuning to be adequately sharp. 

This application can be used for other 
500-kHz segments. The crystal frequency 
must be 8895 kHz above the lowest signal 
frequency. 

Bill Fishback, W1JE 
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fm signal generator 



The Measurements Model 800A series 
of solid-state fm signal generators cover 
all mobile communication frequency 
bands allocated by the FCC. Any desired 
frequency can be quickly obtained by 
selecting one of the six frequency bands, 
tuning the coarse tuning control, and 
making narrowband adjustments with 
either the electronic fine tuning or in¬ 
cremental frequency controls. 

The Model 800A signal generator pro¬ 
vides accurate output voltages traceable 
to the National Bureau of Standards. The 
output is continuously variable from 0.1 
microvolt to 0.1 volt by means of a 
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mutual inductance type attenuator. Out¬ 
put voltages are automatically maintained 
at all levels by a temperature-compen¬ 
sated bolometer circuit. Rf leakage is 
negligible, and microphonics are so low 
that accurate receiver sensitivity measure¬ 
ments can be made down to 0.1 micro¬ 
volt. 

Internal modulators provide frequency 
modulation at 1000 Hz sine wave or 20 
Hz sawtooth. External modulation from 
dc to 30 kHz may be applied through 
front-panel binding posts. Sync out and 
sync phase are available for external 
modulation (up to ±32 kHz peak devia¬ 
tion) so that dual-trace sweep alignment 
techniques may be used. 

For complete technical data write to 
Edison Electronics, Division of McGraw- 
Edison Co., Grenier Field, Manchester, 
New Hampshire 03103, or us q check-off 
on page 94. 

WWV data folder 

Complete, up-to-date information on 
the many services provided by The Na¬ 
tional Bureau of Standards Radio Sta¬ 
tions WWV, WWVH and WWVB is being 
offered at no charge by the True Time 
Instrument Company, manufacturers of 
receivers for all of the standard time and 
frequency broadcasts. 

The NBS transmissions provide an 
invaluable service to radio amateurs, 
laboratories and engineers throughout the 
world. Extremely precise audio and radio 
frequency standards are broadcast, as well 
as accurate time signals, geophysical 
alerts, Atlantic and Pacific area storm 
warnings and radio frequency propaga¬ 
tion forecasts. This information is at the 
disposal of anyone having a receiver 
capable of tuning to one or more of the 
transmitting frequencies. The proper use 
of NBS facilities can greatly supplement 
the instrumentation of any laboratory. 

Maximum utilization of this valuable 
"natural resource" depends upon a com¬ 
plete knowledge of the current broad¬ 
casting schedules and transmitting fre¬ 
quencies. The folder supplies this data, as 
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well as information on suitable methods 
of comparison with local chronometers or 
instrumentation. Also included are the 
hourly broadcast schedules of National 
Bureau of Standards stations WWV, 
WWVH, WWVB, with supporting data. 

Write to True Time Instrument Com¬ 
pany, 225 Melbrook Way, Santa Rosa, 
California 95405, and request Bulletin 
373-1, or use check off on page 94. 

swr meter 




Carvill International has announced its 
new in-line swr and power meter, the 
model ME-IIN. The ME-IIN is a direct- 
reading swr and power meter which 
measures the ratio of the forward and 
reflected wave on a coaxial transmission 
line. In this instrument a printed-circuil 
transmission line is used to eliminate 
unbalanced rf pickup which is often a 
problem in more simple swr meters. The 
swr meter is usable on all bands from 3.5 
to 150 MHz. 

For more information, write to Carvill 
International Corporation, 825 Constitu¬ 
tion Drive, Foster City, California 94404, 
or use check-off on page 94. 

signal intensifier 

The new SABA-5 (Symtek Automatic 
Broadband Amplifier) provides low-noise 
and high useful gain for amateur com¬ 
munications receivers. This new amplifier, 
which covers 80, 40, 20, 15 and 10 
meters with no tuning has a typical noise 
figure of 2.5 dB and gain of 20 dB 
(minimum). Input and output impedance 
is 50 ohms. 

The SABA-5 uses a dual-gate, diode- 
protected mosfet to take advantage of its 
low noise characteristics as well as its 




Uses Standard 7447 Decoder- 
driver. Seven Segment Read¬ 
outs. All tested and guaran¬ 
teed. Specs included. Fit stan¬ 
dard 14 pin DIP socket. Full 
.335 inch high. Color, RED. 
Less Decimal $2.00 ppd. 

With Decimal $2.25 ppd. 

With Colon $2.50 ppd. 


Same unit only contains nu¬ 
meral 1 and plus and minus 
sign. $2.25 ppd. 


Gl Printed Circuit type 
bridge rectifiers. 

200 v PIV 1.5 A 
50c ca or 3 for $1.25 
400 v PIV C«* 1.5 A 
60c ea or 3 for $1.75 



LED Pilot Lites. 

Full 3/16 inch Dia. 

4 for $1.00 ppd. 

JUMBO Seven Segment Readouts. Full .770 
inches high. RED. Uses 7447 Decoder-driver. 
Specs included. 

With Decimal point. $5.00 ppd. 

Same unit only numeral 1 and plus & minus 
sign. $5.00 ppd. 




NEW NEW NEW 

6 foot Koil-Cord with molded 
PL-55 plug. Very nice. 

75c Each, 3 for $2.00 ppd. 


General Purpose Geranium Diodes. 

Similar to lN34a etc. 16 for $1.00 ppd. 

All Cathode banded. 100 for $5.00 ppd. 

Full leads. 1000 for $40.00 ppd. 


NEW 

Transformer — American Made — Fully shield¬ 
ed. 115 V Primary. Sec. — 24-0-24 @ 1 amp 
with tap at 6.3 volt for pilot light. 

Price — A low $2.90 each ppd. 


400 Volt PIV at 25 Amp. Bridge Jk v I 
Rectifier. f \ T'J 

$4.00 ea. or 3 for $10.00 ppd. r 


6.3 Volt 1 Amp Transformer. Fully Shielded 

$1.60 Each ppd. 


NEW 

JUST ARRIVED — Transformer, 115 VAC pri¬ 
mary, 18 volt, 5 amp ccs or 7 amp inter¬ 
mittent duty secondary $6.00 ea. ppd. 


NEW NEW £> 

TRANSFORMER. 115 volt pri- 4 **' 

mary, 12 volt l /z amp second¬ 
ary. $1.50 ppd. 


v 




TOROIDS — YOUR CHOICE — 88 mhy or 44 
mhy — 5 for $2.50 ppd. 


DIGITAL CLOCK on a single chip, national 
type 5314. Complete with specs and circuit 

$12.00 ea. ppd. 


SEND STAMP FOR BARGAIN LIST 
Pa. residents add 6% State sales tax 
ALL ITEMS PPD. USA 



m. wein/chenker 

K3DPJ BOX 353-IRWIN, PA. 15642 
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NURMI ELECTRONIC SUPPLY 

Department* 1 n 

1727 Donna Road • Wait Palm Beach. Florida 33401 

PHONE - (305) 686 8553 





THE "DO EVERYTHING" Th AMP. 1000 VOLT DIODE 

Motorola <1 catching up on the backlog and we've gat thousands 
ol them back in stock, 10/$3 00 100/S25 00 


< 4 Q 673 ’S 


THE MOST POPULAR DUAL GATE PROTECTED MOS FET 

around. Good to over 400 MHZ We go Cm and you get ’em 


lor only 


5/S6.00 



OTHER FET'S 


2N4220A 

N JFET 

$207 

2N4221A 

N JFET 

203 

2N4222 

N JFET 

1 70 

2N4222A 

N JFET 

2.03 

2N5454 

N JFET 

200 

2N5592 

N JFET 

2.00 

2N5593 

N JFET 

2.00 

MFE3004 

N MGSFET 

1 80 

RG- 

174/U 



WE WENT THROUGH 20 MILES OF IT LAST TIME' 
We are authorized Bolden Distributors amt new shipments 
have come m Irom the factory Split a 500‘ spoof with a friend 
and save SSSSS 

BELDEN NO 8216 I007S4 80 5007$!? 85 

LED Readouts 



SIZE 

COLOR 

DECIMAL EACH 

SPECIAL 

OPCOA SLA 1 .33 

Red 

Y<n 

2 95 

4/S 11 

OPCOA SLA 1 1C 33 

Ghw* 

Yn 

4 95 

4 $ 16 

OPCOA SLA 3H 70 

Red 

Yes 

4 50 

4/S 16 


AM use 7447 Drivers Specs included. 

RF POWER TRANSISTORS 

We did d again All brand new with standard markings ami 
most were manufactured this year A main manufacturer 


dropped tits RF power line 


2 N 55 80 
2N5590 
2N559J 
2N6080 
2N6082 
2N60B3 
2N6084 


3 Watts Out 
10 Watts Out 
25 Waits Out 

4 Watts Out 
25 Watts Out 
30 Watts Out 
40 Walts Out 


and we bought his 

S 3 50 
6 00 
12 00 
5 00 
10.00 
12 00 
15 00 


inventory 

if 


AM are Srbcott NPN and power output laimgs are good to 
1 75 MHZ Hurry some nuantit«es are limited 


KEYSTONE 

BOARD 

PERF ~oU 


*0 o <•»<•> o) 

G 10 Qlju E no it v 


,v 

0 0 0 0 0 

PeH Bo.imI 3 64" 1 

hick 

1 

0 o 0 0 Of 

0 0 0 -O oj 

No 

UNCI AD 

Si/e lilt 1 


Pnc<* 

1279 

7 » 4 


$ 85 

4230 

7 » 6 


1 09 

1731 

4 * 6 


1 55 

1732 

COPPER CLAD ONE 

17x6 

SIDE 


b 75 

4238 

2 » 4 


1 35 

4239 

2*6 


1 85 

4240 

4 m 6 


3 20 

424 1 

17*6 


6 70 


.WE GUARANTEE WHAT WE SELL'M*. 


Wi ihip UPS *vOt«*v«i c><m«t> ! c G**f »t*m •ddrru Include 
•ciouqO lo< pottage mtu f*furu*ed *n c#vH Flood* imdeflli 
mciuda 4% Tan 


inherent protection against strong rf 
fields. The Qs of the tuned circuits are 
engineered for high gain and adequate 
bandwidth to cover the entire amateur 
bands with MARS overlap. Insertion loss, 
when the amplifier is turned off, is kept 
to a minimum through the use of a 
straight-through coaxial loop and low-loss 
ceramic switches. 

Biasing of the amplifier is optimized 
for best gain, cross-modulation and 
noise-figure characteristics. Gain may be 
adjusted by varying the main supply 
voltage ±3 volts. The amplifier is easily 
installed on any communications receiver 
in minutes by simply inserting it between 
the receiver and the antenna. Transceivers 
may be easily modified by breaking the 
antenna circuit from the T/R relay to the 
receive rf amplifier and bringing each end 
to an external phono jack. 

The SABA-5 carries a 30-day money- 
back guarantee and 1-year warranty, and 
is priced at S79.95. Models for 160 
meters, 6 meters and 2 meters are also 
available. For more information, write to 
Symtek, Inc., Box 128, Clearwater, Flori¬ 
da 33517, or use check-off on page 94. 

three-pin 

voltage regulators 



Many times the need arises for a 
simple, low-cost voltage regulator which 
can provide a moderate amount of cur¬ 
rent without complex current-boosting 
circuitry. Applications include on-card 
regulation and power supply distribution 
in large systems. 

A new Motorola device family com¬ 
posed of seven fixed-voltage regulators 
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housed in a popular plastic power transis¬ 
tor package fulfills these needs. The 
MC7805/24 series positive voltage regula¬ 
tors can supply in excess of 1 ampere at 
nominal voltages of 5, 6, 8, 12, 15, 18 or 
24 volts (as designated by the last two 
digits of the device number). However, 
unlike most voltage-regulator ICs, these 
devices have only three terminals - input, 
output and ground — and they require no 
external components. The devices can be 
easily attached to a heatsink surface with 
a machine screw through the hole in the 
package to attain higher maximum power 
dissipation. 

To insure a rugged device, internal 
current limiting, thermal shutdown, and 
output transistor safe operating area com¬ 
pensation techniques are employed. 
These features make the regulators essen¬ 
tially burn-out safe. 

For further information contact the 
Technical Information Center, Motorola 
Inc., Semiconductor Products Division, 
Post Office Box 20912, Phoenix, Arizona 
85036, or use check-off on page 94. 

spring-type fuse holder 



Oneida Electronics has recently intro¬ 
duced a new coil-spring fuse holder that 
makes it easier than ever to replace fuses. 
The new holder eliminates the need for 
using more costly type pig-tail fuses and 
does away with cutting and re-soldering 
pig-tail leads. 

Regular fuses can be snapped into the 
coil-spring holder in seconds. Service 
people will find them ideal for use in 
those hard-to-get at places. Replaces 
permanently installed pig-tail fuses by 
merely soldering the leads of the new 




Send for your antenna to: code HR 


TELETRON CORP., 


2950 Veterans Hwy. 
Bohemia, L. I. # N. Y. 


11716 


□ Kit #80-40-20 $29.95 plus $1 shipping 


n Coils only (pair of 4" dia. special coils) 

$17.95 plus $1 shipping 
(N. Y. residents add 7% sales tax) 
name 


street 


town. . ..zip............... 

enclose check with order - we ship UPS upon receipt of order 


Export: 2200 Shames Dr., Westbury, N. Y. 11590 
Cable: CHURCHIN, Westbury, N. Y. 
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HERE IS A FIST FULL 



5 Channel, Narrow Band 


2.2 watt FM Transceiver 


This light weight, “take anywhere" 
transceiver has the “Regency-type" 
interior componentery to give you 
what others are looking for in 
portable communications. You get a 
heavyweight 2.2 watt signal ... or if 
you want, flip the HI/LO switch to 
1 watt and the receiver gives you 
0.7 uv sensitivity and 0.5 watts 
audio. Both transmitter and receiver 
employ band-pass circuitry so that 
power and sensitivity are maintained 
across the entire band. Get one 
logo only ^AQQ 



Amateur Net 


•eA\Cij_ELECTRONICS, INC. 
7707 Records Street 
Indianapolis, Indiana 46226 


An FM Model For Every Purpose . . . 
Every Purse 



HR-2MS HR-212 AR-2 

8 Channel Transcan 12 Channel-20 Wall 2 Meier FM 
2 Meier FM Transceiver 2 Meier FM Transceiver Power Amplilier 


spring holder to stubs of removed pig-tail 
fuse. The spring holders have been de¬ 
signed to accommodate tv, radio, hi-fi 
and most other electronic device fuses. 

The new spring-type holder is perma¬ 
nent — quality constructed of tempered 
spring steel with dip soldered leads. Avail¬ 
able packaged 5 pair per pack on dealer 
cords and in bulk for OEM use. For 
detailed information write Oneida Elec¬ 
tronic Manufacturing, Inc., Meadville, 
Pennsylvania 16335, or use check-off on 
page 94. 

new allied catalog 



Allied Electronics (Division of Tandy 
Corporation) has published their new 
catalog number 740. Previous catalogs 
have served as the electronics industry's 
"answer book," and the new catalog is 
even better. In addition to the easy-to-use 
tab-index format and easy-to-use 9 x 
11-inch size introduced in 1973, even 
more useful product information is in¬ 
cluded in the book. Prime feature of the 
Engineering Manual and Purchasing Guide 
catalog is the inclusion of Engineering 
Drawings of all electrical components. All 
physical dimensions are given to allow 
efficient design of electronic packages 
before components are purchased. Elec¬ 
trical characteristics of all items are also 
included. 

Allied has also introduced a new 
policy for obtaining a copy of their 
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catalog: instead of the $5.00 price, or 
$10.00 order requirement, anyone can 
now obtain a copy for the cost of postage 
and handling — just $1.00. All items 
shown are in stock at all Allied ware¬ 
houses. With Allied enjoying the best 
order filling record in the industry, this, 
as always, is the one catalog you can't do 
without For your copy, send $1.00 for 
postage and handling to Allied Elec¬ 
tronics, 2400 W. Washington Boulevard, 
Chicago, Illinois 60612. 


transistor substitution 
handbook 


American Made Quality at Import Price 



The Transistor Substitution Handbook 
is updated continuously, and a new edi¬ 
tion is published annually. This 13th 
edition has been published in an easy-to- 
read 8-1/2x 11-inch format, and contains 
over 100,000 transistor substitutions. 
To guarantee the most accurate possible 
substitutions, the electrical and physical 
parameters as described in the manufac¬ 
turers' published specifications for each 
bipolar transistor were fed into a compu¬ 
ter; then each transistor was compared 
with all others. Consequently, transis¬ 
tors which matched within prescribed 
limits are listed as substitutes. 

Section 1 of the handbook contains 
substitutions for both American and 
foreign-made transistors which are ar¬ 
ranged in numerical and alphabetical order. 
Types recommended by the manufactur¬ 
ers of general-purpose replacement tran¬ 
sistors are included at the end of each list 
of substitutes. Additional data on these 
general-purpose replacement types — 
manufacturer, npn or pnp, germanium or 
silicon, and the recommended applica¬ 
tions — are also reviewed. 

The Transistor Substitution Handbook 
is a valuable source of information for 
amateurs concerned with transistor re¬ 
placement in communications industrial, 
commercial or home-entertainment 
equipment. 144 pages, softbound. $2.95 
from Comtec Books, Greenville, New 
Hampshire 03048. 


Full 12 Channel, 15 Watts 
with HI/LO power switch 

Here is everything you need, at a price 
you like, for excellent 2 meter FM 
performance. The 12 transmit channels 
have individual trimmer capacitors 
for optimum workability in point- 
to-point repeater applications. 
Operate on 15 watts (minimum) 
or switch to 1 watt. 0.35 uv sensitivity 
and 3 watts of audio output 
make for pleasant, reliable listening. 
And the compact package is 

“ $ 229 

Amateur Net 


'€^\O^ELECTRONICS, INC. 

7707 Records Street 
Indianapolis, Indiana 46226 


An FM Model For Every Purpose . . . 
Every Purse 



HR 6 HR 220 ACT 10-H/L/U 

12 Channel*25 Watt 12 Channels-10 Watts 3 RandlO Channel FM 
6 Meter FM Transceiver 220 MHi FM Transceiver Scanner Receiver 
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a second look 
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fisk 


A few months ago, down in Oklahoma, 
several old-time radio amateurs, each now 
retired, attended an auction of the elec¬ 
tronics equipment and junk collection of 
a prominent local amateur. From all 
reports, it was quite a collection, filling 
four large warehouses. Except for the 
huge volume (and original cost) the col¬ 
lection resembled the typical “hell box" 
of every amateur who lived through the 
halcyon days when building your own 
transmitter was conventional practice and 
everyone eagerly added to his junk collec¬ 
tion at every possible opportunity. The 
same is still true to a somewhat lesser 
extent, with amateurs maintaining large 
collections of old and new electronic 
goodies for some, yet unplanned, project. 
Talk to any amateur who has been 
around for a few years and you're sure to 
find a garage, an attic or a basement full! 

However, there was one big difference 
in the Oklahoma collection. Where most 
radio amateurs painfully part with dol¬ 
lars, this amateur had painlessly parted 
with thousands of dollars. The contents 
of the four warehouses vividly reflected 
this difference. Think back a few years — 
what was the most delectable piece of 
radio gear you could imagine? It was 
probably in the Oklahoma collection. 
And not just one, but several. Parts, radio 
sets, test equipment, you name it, it was 
all there in unimaginable profusion. One 
whole warehouse floor was crammed full 
of big transmitters, spark coils and rotary 
gaps for 1920-style transmitters, spider¬ 
web coils and thousands of variable 
capacitors of every possible make and 
description. The list could go on for 
pages. 

Now here's the tragedy: These price¬ 
less articles, which belong in a museum, 
were grouped in huge lots with utter junk 
and sold to the only people who can 
handle large lots of junk — junk dealers! 
The probability that these dealers have 


the background to differentiate between 
the valuable antique and the valueless 
junk is frighteningly small. Antiques that 
can never be replaced, items not pre¬ 
served in any collection, are going to be 
bulldozed under at a county landfill 
dump, and that's a bloody shame. 

This scene, on a much more modest 
scale, is probably repeated many times a 
year. Without getting morbid, each one of 
us should realize that we are not immor¬ 
tal. Each of us has a collection of 
electronic gear that we've acquired over 
the years that will, if someone doesn't 
know any better, be bulldozed under 
with the trash at the city dump when we 
join the list of Silent Keys. Each item, 
when you acquired it, represented a jewel 
to be treasured and was carefully put 
away. If you were ever so careless as to 
toss out one of these treasures, you could 
be sure you would have an almost im¬ 
mediate pressing need for an identical 
article. I know, because it's happened to 
me everytime I've cleaned house! 

The point is this: Talk to your heirs. 
Clue them in as to what items belong in a 
museum. Better yet, make arrangements 
with the executor of your estate to 
donate certain prized items to the muse 
um of your choice. This applies not only 
to equipment, but to your library of old 
electronics books. The same sort of fore¬ 
sight applies to your newer equipment as 
well. Give your executor the names of 
several trusted amateur friends who will 
help dispose of modern radio gear and 
test equipment. They will know the fair 
market value — the executor may not. 
There have been more than a few cases 
where an amateur's survivors have been 
ripped off to the tune of thousands of 
dollars. Don't let it happen to your 
family. 

Jim Fisk, W1DTY 

editor-in-chief 



simple ssb 


transmitter and receiver 


for 40 meters 

Complete construction 
information for a 
no-frills ssb and CW 
transceiver system 
that offers 
high performance 
at low cost 


This article describes a simple, high- 
performance 40-meter ssb and CW re¬ 
ceiver and transmitter. The receiver in¬ 
corporates a very stable vfo and incre¬ 
mental tuning while the transmitter 
features 180-watt PEP input. Although 
the receiver was designed to operate in 
conjunction with a companion 40-meter 
exciter, it can also be used with any 
number of separate exciters. 

Furthermore, the basic design can be 
used on any of the amateur bands from 
80 through 10 meters by simply using the 
appropriate tuned circuits in the rf and 
mixer stages, and by changing the fre¬ 
quency of the vfo so it tunes 455 kHz 
below the desired band. For maximum 
stability vfo pre-mixing should be con- 


<0 

*e 

(0 


c 


re 

O 


c 

O 

02 

CO 

“D 

2 

O 


§ 

o 


Q 


o 

o 

in 

C 

CO 

QD 

8 

o 


* 

o 

«0 

o 

co 

UJ 

> 

d 


at 


at 


5 

s 


sidered for the two higher-frequency 
bands, 10 and 15 meters. 

the receiver 

A look at the block diagram in fig. 1 
shows that the basic receiver circuit is a 
rather conventional single-conversion 
super-heterodyne. The incoming 7-MHz 
signal is coupled to the first rf amplifier, 
Q1, amplified, and applied to gate 1 of 
the mixer, Q2 (fig. 2). The dual-gate 
mosfets used in the rf amplifier and mixer 
stages provide high gain, low noise and a 
minimum of cross-modulation problems. 
These particular devices are also internal¬ 
ly gate protected, a significant bonus 
when the receiver is used in strong rf 
fields. Diodes CR1 and CR2 are included 
in the input circuit as additional protec¬ 
tion to the first rf stage. 

The 6.545- to 6.845-MHz vfo signal is 
injected at gate 2 of the mixer. The 
455-kHz difference frequency is selected 
by the i-f transformer, T1. The very 
stable vfo circuit features incremental 
tuning and output buffering, and is a 
modification of an earlier design (fig. 3)J 
Output buffering is provided by the 
emitter-follower stages Q6 and Q7. Tran¬ 
sistor Q7 also serves as a power amplifier, 
allowing the vfo to drive a 7360 balanced 
mixer tube used in the companion ex¬ 
citer. 

The incremental tuning circuit uses a 
Motorola MV1654 varactor diode, CR3. 
This circuit permits an approximately 
10-kHz offset to either side of the vfo 
frequency. The control voltage on the 
varactor is set by R3, the offset tuning 
control. Resistor R4 compensates for 
differences in varactors and allows the vfo 
to be adjusted to zero offset. 
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Switch S2 allows the receive offset to 
be activated manually; receiver offset is 
automatically turned off by relay K1 
when the receiver is placed in the trans¬ 
mit or standby mode. This particular type 
of switching is necessary because a 
1.5-kHz frequency difference between 
the transmitted and received signal exists 
at my station. This frequency difference 
resulted from the use of a 455-kHz 
mechanical filter in the exciter and a 
453.5 kHz filter in the receiver. If you are 
building from scratch, I recommend that 


described receiver (fig. 6). 2 The use of a 
CA3028A as the product detector allows 
significant conversion gain in this stage. 
The high-impedance output of the 
CA3028A is matched to the base of the 
audio preamplifier transistor, Q8, through 
transformer T5. Although the Motorola 
MCI454 provides more than sufficient 
audio output, an MCI554 or HEP593 
may be substituted for even more audio. 
Alternately, a Motorola MFC9010 can be 
used to replace both Q8 and U2 and 
deliver about 2-watts of audio. 3 



fig. 1. Block diagram of the single-conversion 40-meter receiver ssb and CW receiver. 


you use a 455-kHz filter in the receiver, 
such as the Collins FA21-7102. 

The two-stage i-f amplifier, Q3 and 
Q4, is relatively straightforward and pro¬ 
vides more than enough i-f gain (fig. 4). 
For the sake of simplicity I did not 
include an age system in the receiver — if 
you want to include age, it should be 
connected to gate 2 of the rf and i-f 
amplifier stages, Q1, Q3 and Q4. 

An MPF102 fet is used in a simple bfo 
circuit which is based on the old tuned- 
grid, tuned-plate vacuum-tube circuit (fig. 
5). Bfo output is taken from the second¬ 
ary of transformer T4. For optimum 
performance of the CA3028A product 
detector, U1, the amplitude of the bfo 
injection voltage should be 2 to 3 volts 
rms. The sideband crystals are selected by 
switch SI. The crystal frequencies shown 
in the diagram are for use with a Collins 
455-kHz mechanical filter. 

The product detector and audio stages 
used here were adapted from a recently 


In my receiver with the audio gain 
control, R2, adjusted for maximum gain, 
the MC1454 was driven into oscillation 
by transistor Q8. This was corrected by 
bypassing a small amount of the input 
audio signal to ground through C7 (0.1 
juF). Because of component differences, 
and differences in circuit layout, you may 
not require this bypass capacitor. 

Any well-regulated power supply with 
an output of 12 to 13.5 volts may be 
used with this receiver. Excellent voltage 



Homebrew 40-meter receiver uses all solid-state 
circuits. 
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regulation is required to ensure maximum 
vfo stability because the MV1654 varac¬ 
tor used in the incremental tuning system 
will significantly shift the vfo output 
frequency with the slightest dc voltage 
variation. For additional vfo stability it 
might be a good idea to insert a three- 
terminal voltage regulator 1C, such as the 
Fairchild £tA7812, in the vfo supply 
line. 4 

receiver construction 

The mechanical layout of the receiver 
is shown in the photographs. The rf 


The 1-inch-deep aluminum chassis, 
10-inches long and 514-inches deep, is 
installed in a commercial enclosure. The 
rf amplifier and mixer tuning capacitor. 
Cl, is a modified dual-section 365-pF 
broadcast variable with all but two rotor 
plates removed from each section. With 
the values given for C8 and C9, the 
modified variable will cover the frequen¬ 
cy range from 7.0 to 7.3 MHz. 

receiver alignment 

Before starting the alignment pro¬ 
cedure, all slug-tuned coils must be rough- 


.Of 



Cl 

modified dual-section 

365-pF 


broad-cast variable (see text) 

FL1 

455-kHz mechanical 

f liter, 


2.1-kHz bandpass (Collins 
7102) 

FA21- 


L1,L3 30 turns no. 26 wound on 1 / 4 ” 

slug-tuned ceramic form, resona¬ 
ted to 7,15 MHz 

L2 4 turns no. 26 on cold end of LI 

T1 455-kHz Input l-f transformer 


fig. 2. Schematic diagram of the rf amplifier, mixer and mechanical filter. 


amplifier, mixer and mechanical filter are 
constructed on a 2%x2%-inch section of 
Vector board, copper clad on one side. 
The i-f amplifier is built on another, 
similar sized board, and the vfo and 
incremental tuning are built on another 
214-inch square board. These three boards 
are mounted on 3/4-inch spacers under 
the chassis. 

The bfo, product detector, and audio 
stages are built on a 2y2x5-inch board 
which is mounted on top of the chassis 
on 1-3/4-inch spacers. Relay K1 is in¬ 
stalled under this board. Each board is 
built and tested individually, and con¬ 
nected to the others with miniature 
shielded cable. 


ly adjusted to the proper frequencies with 
the help of a grid-dip meter. Also, each 
stage is initially tested and aligned before 
being mounted on the chassis. This points 
up any difficulties that might be more 
difficult to pinpoint when the receiver is 
completely assembled. Inductor L4 in the 
vfo is adjusted for an output of 6.695 
MHz with C4 set at mid-excursion. 

Although a signal generator is best for 
initial alignment of the rf and mixer 
stages, it is possible to use an on-the-air 
signal. Apply a 7.15-MHz signal to LI and 
peak Cl for maximum rf voltage on gate 
1 of the rf amplifier stage. Next apply a 
455-kHz signal to the primary of T1 and 
tune the transformer for maximum signal 


sBB march 1974 



at the output of the mechanical filter. 
Since a reading of 0.1 volt is typical here, 
a sensitive rf probe and voltmeter is 
required. 

To align the i-f amplifier a 455-kHz 
signal is applied to gate 1 of transistor Q3 
and transformers T2 and T3 are tuned for 
maximum signal at the output of T3. The 
bfo should require no adjustment al¬ 
though T4 may be tuned, as required, if 
the bfo fails to oscillate. 

After each of the individual boards has 
been tested and aligned, and the receiver 
has been assembled, final peaking can be 


the midpoint of this dc voltage swing. 
With the incremental tuning turned off, 
vfo output is centered at its mid-frequen¬ 
cy point with R4, and resistor R3 will 
move the vfo about 10 kHz to either side 
of this center point. 

receiver performance 

The performance of the receiver is 
most rewarding. It appears to be as 
sensitive as my FTDX-401, and its fre¬ 
quency stability is excellent. No signifi¬ 
cant vfo warmup drift has been noted, 
the audio is apparently distortion free. 


Rear view of the 40- 
meter receiver. The pro¬ 
duct detector and audio 
board is mounted on 
1-3/4” spacers. Relay 
K1 is underneath the 
board while the vfo 
tuning capacitor is on 
the right. 



accomplished with an on-the-air signal. 
The rf amplifier, mixer and i-f stages are 
tuned for maximum receiver gain. To 
obtain good tracking with Cl it is neces¬ 
sary to alternately re-tune the mixer and 
rf amplifier coils, LI and L3, several 
times. The vfo inductor, L4, is accurately 
adjusted and the tuning dial calibrated 
with the aid of a communications receiver 
equipped with a crystal calibrator. 

To align the incremental tuning sys¬ 
tem, monitor the received frequency, 
adjust resistor R3 and note the amount of 
frequency change. A 40% change in the 
resistance of R3 should result in an 
approximate 20-kHz shift in the vfo 
frequency. The dc voltage range coin¬ 
ciding with this frequency shift is mea¬ 
sured at the wiper of R3 and should be in 
the range from zero to about 2.5 volts. 

When the dc voltage required for a 
20-kHz frequency shift has been deter¬ 
mined, the wiper of resistor R4 is set to 


and the set provides more than enough 
gain. One very pleasing feature of the 
mosfet stages is their very low noise 
figure. The ambient noise level in this 
receiver is the lowest of any comparable 
receiver I have ever used. 

the transmitter 

The 180-watt PEP ssb transmitter may 
be used as a separate unit, or with the 
receiver. The unit is completely self- 
contained and incorporates a stable vfo, 
power supply and all the necessary con¬ 
trol functions for antenna switching and 
receiver muting. The use of an RCA 7360 
beam-deflection tube for the balanced 
modulator and balanced mixer stages 
provides excellent carrier suppression and 
local-oscillator rejection, two require¬ 
ments that are difficult to achieve in 
single-conversion ssb exciters which use a 
455-kHz i-f. 

A block diagram of the transmitter is 
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shown in fig. 8. The output of the 
high-impedance microphone is amplified 
by V101, and applied to one of the 
deflection electrodes of VI02, the 7360 
balanced modulator. The crystal-con¬ 
trolled carrier signal is injected at the 
cathode (see fig. 9). The 455-kHz 


grid 1 and grid 2) serves as a self-oscil¬ 
latory carrier generator, with switch 
S101A selecting either Y101, a 455-kHz 
crystal for tuneup or CW, or Y102, 
456.25-kHz crystal for lower-sideband 
operation. For tuneup or CW one of the 
deflection plates of VI02 is grounded by 



double-sideband output signal is coupled 
into a Collins mechanical filter. 

One of the absolute requirements of a 
modern single-sideband exciter is ade¬ 
quate carrier suppression. By using a 
7360 beam-deflection tube up to 60-dB 
of carrier suppression can be achieved if 
careful construction and layout have been 
followed, and the circuit has been proper¬ 
ly adjusted. 

The triode section of VI20 (cathode, 



Top view of the receiver chassis. The vfo board 
is to the left, the product detector and audio 
board to the right. 


switch S101B, effectively unbalancing the 
modulator so that a 455-kHz carrier 
signal appears across the output network. 
In ssb service the audio signal applied to 
one of the deflection plates unbalances 
the modulator. 

Another requirement for effective and 
courteous single-sideband operation is 
adequate suppression of the unwanted 
sideband. The Collins mechanical filter 
can provide up to 60-dB of sideband 
attenuation if careful attention is given to 
mechanical layout, and stray coupling is 
prevented between the input and output 
of the filter. The filter also attenuates the 
455-kHz carrier signal by an additional 20 
dB. The 120-pF capacitor across the 
output of the filter helps match the 
output impedance of the filter to the 
input impedance of the 6BA6 i-f ampli¬ 
fier, VI03 (see fig. 10). 

The ssb signal from the output of the 
6BA6 i-f amplifier is coupled through 
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transformer T101 to VI04, the 7360 
balanced mixer. The triode section of 
VI04 is used in a Colpitts-type internal 
vfo. Capacitor C102 is the main tuning 
capacitor and C103 and Cl04 serve both 
as frequency-trimming and temperature- 
compensating capacitors. For transceive 


short as possible and the input and 
output must be sufficiently isolated; the 
33-ohm non-inductive resistor in series 
with the grid serves as a parasitic suppres¬ 
sor. 

The screen bypass capacitor is soldered 
directly across the base of the 6GK6 



fig. 4. Two-stage 455-kHz i-f amplifier. Transformers T2 and T3 are miniature 455-kHz input i-f 
transformers. 


operation the internal vfo is bypassed and 
an external vfo coupled into grid 1 
through switch S102. 

One problem when designing a 40- 
meter ssb exciter using a 6.545-MHz vfo 
and a 455-kHz i-f in a single-conversion 
system is inadequate vfo suppression. 
Since the vfo frequency is only separated 
from the desired output frequency by 
455 kHz, a single-tuned resonant circuit 
in the output of a conventional mixer 
stage would probably not be inadequate 
to sufficiently attenuate the vfo signal.* 
However, by using a 7360 beam-deflec¬ 
tion tube as a balanced mixer, up to 
40-dB of vfo rejection is possible. 

The 7.0- to 7.3-MHz ssb output from 
V104 is coupled through L102-L103 to 
the 6GK6 driver stage, VI05, fig. 11. A 
6GK6 was selected as the driver because 
it offers considerable gain and can safely 
handle a 300-volt plate supply. However, 
because of its high gain, care must be 
taken to prevent instability and self¬ 
oscillation. All leads must be kept as 

*Both single- and double-tuned bandpass cir¬ 
cuits were tried by the author. The double- 
tuned bandpass arrangement was workable with 
a conventional 6BA7 mixer stage, but it al¬ 
lowed an unacceptably high level of vfo signal 
to feedthrough to the driver stage. 


socket between the input and output pins 
and the ground end is also soldered to the 
central pin of the socket. This technique 
provides an effective grounded shield 
between the input and output circuits of 
the driver stage. 

The output of the 6GK6 driver is 
coupled into the grids of V106 and V107, 
the 6146B power-amplifier tubes through 
C106 and L104. Capacitor C106 should 
be pruned by removing plates from a 
miniature variable capacitor until the 
tuned circuit resonates from 7.0 to 7.3 
MHz with one full revolution of the shaft. 
Fix-tuning the power amplifier's grid cir¬ 
cuit to the desired band makes tuneup 
simple and prevents the operator from 
inadvertently tuning the final amplifier to 
some unwanted spurious signal that may 
appear at the output of the high-gain 


mpfioz 



+ IZV 


fig. 5. The 455-kHz bfo stage. T4 is a miniature 
455-kHz i-f input transformer. 
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driver stage. Resistor R105, a 5000-ohm, 
5-watt wirewound potentiometer, serves 
as the driver gain control. 

A pair of 6146Bs in parallel are used as 
a power amplifier {fig. 12). These tubes 
are still among the best power amplifier 
tubes for ssb service, offering good linear- 


the cathode keying line to prevent self¬ 
oscillation. Parasitic suppressors Z101 
and Z102 help minimize any high-fre¬ 
quency instability. With these techniques, 
I did not find it necessary to neutralize 
either the driver or PA stages. Both are 
extremely stable. 


tM 



INPUT 
(FIG. 5) 


fig. 6. Product detector, audio preamplifier and audio output stage. Capacitor C7 (0.1 jUF) may be 
required to suppress an oscillating output stage (see text). 


ity, excellent IMD characteristics and 
good power sensitivity. They can also 
withstand considerable abuse during grog¬ 
gy-eyed, early morning DX chasing tune 
ups. 

As with the driver stage, considerable 
- care must be taken in keeping leads short 
around the PA stage sockets, separating 
input and output circuits, and shielding 

TO 
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ANTENNA INPUT o - O —F —KIA CIRCUIT 

1 i (FIG 2) 

I £—O-O NC 

Gi OF Ql O——-O "KIB 

I +I2V TO 



fig. 7. Switching and control circuits for the 
40-meter receiver. Relay K1 is a miniature 
4-pole relay with a 12-volt coil. 


The final-amplifier tank circuit is a 
standard pi network. Capacitor C108 is a 
surplus, high-voltage 400-pF variable. 
With the values specified for C107 and 
L105, the stage loads nicely into a 50- 
ohm resistive load. You may wish to 
change the value of L105. In that case an 
additional capacitance (C109, 100-400 
pF) may be needed in parallel with C108 
to load properly. Or, if you wish, a 
triple-section 365-pF broadcast variable, 
with all sections in parallel, may be 
substituted for Cl08. 

In the interest of simplicity and thrifti¬ 
ness, a grid and plate current metering 
system was excluded in favor of a simple 
rf output indicator. A sample of the 
output rf is applied to a 1N34A diode 
through a voltage-dividing network; the 
rectified dc is filtered and read on a 0-1 
milliameter. Resistor R106 serves as a 
sensitivity control. 

transmitter control circuits 

Since this exciter was intended to 
work in conjunction with the matching 
receiver, antenna switching and receiver 
muting functions were included in the 
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design. All control functions are provided 
by two surplus, 6800-ohrn, 55 Vdc relays. 
One relay, K101, switches antennas and 
functions in receiver muting while the 
other, K102, is used for B+ switching 
between transmit and standby (see fig. 
13). 


ternal vfo, to talk himself on frequency 
using the companion receiver as a moni¬ 
tor. 

power supply 

The 350-0-350-volt center-tapped 
winding of transformer T102 is used in a 



fig. 8. Block diagram of the 40-meter ssb and CW transmitter. Power input is about t80-watts PEP. 


One relay section, K101A, switches 
the antenna between the receiver and 
exciter while K101B grounds the exciter 
output during standby. A third section, 
K101C, activates the receiver's muting 
• relay during transmission. 

The second relay switches the 210- 
and 310-volt B+ supplies to the final- 
amplifier tubes and the driver, respective¬ 
ly, via K102C and K102A. Another sec¬ 
tion, K102B, switches 210-volts to the 
speech amplifier, V101, and i-f amplifier, 
V103, during transmit. This B+ switching 
is paralleled by a second manual switch¬ 
ing network, S104, which is used as a 
spotting switch. 

With SI04 in the transmit position, 
activating the PTT switch through SI01 
or the manual transmit/tune switch, S103 
picks up the relays and switches the 
exciter from standby to transmit. With 
Si04 in the spot position the PTT switch 
and S103 are interrupted and no relay 
switching can occur, but B+ is applied to 
the speech amplifier and i-f amplifier 
through S104B. This spotting function 
allows the operator, when using the in- 


conventional full-wave bridge circuit to 
provide 750-volts dc for the final ampli¬ 
fier (see fig. 14). The 310-volt supply for 
the driver is obtained from the center tap 
after choke-input filtering. The regulated 
210-volt supply is provided by a pair of 
OB2 regulators in series. Bias voltage for 
the 6146Bs was acquired by reversing a 
6.3-volt filament transformer and rectify¬ 
ing the 117-volt winding. A 50k, 10-watt 
wirewound potentiometer, R5, is used as 
the bias voltage adjust control (see fig. 
14). 



Front panel of the 40-meter ssb and CW 
transmitter. Power input is approximately t80 
watts. 
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transmitter construction 

The eternal frustration of any ardent 
home-constructor today is finding the 
needed parts. Most of the values given in 
this design can be varied; all the tuned- 
circuit inductors and capacitors of the 
tuned circuits, with the exception of the 
vfo, can be changed, of course, if required 


+ 2IOV 

FROM KI02B (FIG. 13) 



C101 5-25 pF NPO ceramic trimmer 

(phase balance control) 

K101 ,K102 surplus 4-pole relays, 55-volt, 
6800-ohm coil 

R102 25k potentiometer (carrier ampli¬ 

tude control) 

R103 2500-ohm potentiometer 

fig. 9. Speech amplifier and balanced modulator 
in fig. 12. 

resonant frequencies are maintained. The 
seasoned builder may have his own 
scheme of chassis layout and wiring, and 
neither is particularly critical. 

My transmitter was built into a 
12x10x2-inch aluminum chassis. The 
photographs show the layout. In any 
chassis layout a straight-line approach is 
usually best and that is what I used, with 
the speech amplifier followed by the 
balanced modulator, the mechanical fil¬ 
ter, the i*f amplifier and so on. 

The power amplifier cage entirely en¬ 


closes the final-amplifier tubes and the pi 
network and is made of 1/16-inch-thick 
aluminum siding with a ventilated top 
cover. The plate-tuning and antenna¬ 
loading capacitor shafts are brought out 
to the front panel with 1/4-inch couplers 
and shaft-extenders. For the sake of 
neatness and compactness I used a rather 


.005 



5101 dpdt toggle switch (lower- 

sideband, carrier) 

5104 dpdt toggle switch (spotting 

switch) 

Y101 455.0-kHz crystal (carrier) 

Y102 456.25-kHz crystal (lower side¬ 

band) 

ircuits. Complete relay switching system is shown 

elaborate system of universal joints and 
gears to angle the shaft of capacitor Cl 07 
away from the speech amplifier tube, 
V101. This system can be avoided if you 
use a larger chassis or disrupt the 
straight-line layout by moving VIOI's 
socket closer to the edge of the chassis. 

Two variable capacitors, C106 and 
Cl02, were modified for use in this 
design. The grid-tuning capacitor, C106, 
was originally a 25-pF miniature variable; 
all but one rotor plate was removed to 
achieve the desired resonance range of 7.0 
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to 7.3 MHz for one complete rotation. A 
small L-shaped bracket is used to mount 
C106 underneath the chassis. 

The vfo main-tuning capacitor, C102, 
is a modified variable from a surplus 
ARC-5 receiver. The gear train and gear 
reduction ratio used on these capacitors 
make them ideal for amateur vfo applica- 


switch S102. The vfo tank coil was 
closewound on a 1/2-inch diameter cer¬ 
amic form and Q-doped several times. 
Finally, the entire vfo was enclosed by an 
aluminum shield. The mechanical precau¬ 
tions were justified by the excellent vfo 
frequency stability characteristics I ob¬ 
tained. 



C102 modified ARC-5 receiver tuning 

capacitor (see text) 

C103 4-25 pF NPO ceramic trimmer 

C104 4-25 pF N500 ceramic trimmer 

C105 500-pF silver mica (see text for 

other values) 

FL101 455-kHz mechanical filter (coliins 

455 FA21 7102) 


LI 01 

12 turns no. 22 enamelled on 

diameter ceramic form 

1 /2" 

LI02 ,L103 

29 turns no. 22 enamelled on 
diameter, slug-tuned form 

i/ 2 " 

S102 

dpdt toggle switch (internal/ex- 


ternal vfo) 


T101 

455-kHz i-f input transformer 



fig. 10. Transmitter vfo, i-f and balanced mixer circuits. Colpitts-type vfo circuit tunes from 6.545 to 
6.845 MHz. 


tions. Only one capacitor section is used 
in the vfo. Each capacitor section had 
about 100-pF capacitance, and plates 
were removed until the entire excursion 
of Cl02 yielded a vfo range of 6.545 to 
6.845 MHz with C103 and C104 set to 
midrange. 

All the vfo components were securely 
soldered with short leads to firm tie 
points. Miniature shielded cable, soldered 
to frequent ground lugs, was liberally 
used in the switching circuitry around 


As mentioned previously, great care 
should be taken to isolate the input and 
output circuits of all rf stages. Particular 
attention should be paid to circuit isola¬ 
tion around the mechanical filter as stray 
capacitative coupling between the input 
and output circuits here can significantly 
reduce sideband and carrier suppression. 

transmitter alignment 

Aligning the exciter is simple and 
should be done in stages, with each stage 
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being built and aligned before the next 
one is started. The speech amplifier needs 
no adjustment and can be checked by 
connecting an ac voltmeter between the 
plate of V101 and ground through a 
series blocking capacitor. Speaking into a 
high-impedance microphone should pro¬ 
duce a swing of several volts on the 
meter. 


maximum carrier suppression. With a 
typical rf probe virtually no rf voltage 
should be recorded at the plate of VI03 
when the balanced modulator is properly 
adjusted. 

Final adjustment of the i-f amplifier is 
now accomplished with switch S101 in 
the carrier position. Move the rf probe to 
the secondary of T101 and alternately 




fig. 11. Schematic for 
the 6GK6 driver stage. 


6 

+ 31QV 

FROM KI02A 
(FIG. 13) 


C106 approximately 5 pF (25-pF air variable with all plates removed except one 

LI 04 28 turns no. 26 enamelled on Va” slug-tuned form 

R107 5000-ohm, 5-watt wirewound potentiometer 


Since the mechanical filter has notice¬ 
able insertion loss, adjusting the balanced 
modulator is best done by monitoring the 
signal at the output of the 6BA6 i-f 
amplifier, V103. A vtvm with an rf probe 
is coupled to the plate of V103, and 
switch S101 is placed in the carrier 
position. This unbalances the modulator 
and allows the 455-kHz carrier oscillator 
signal to pass through the mechanical 
filter. About 5- to 10-volts rf should be 
recorded by the probe. Next, tune the 
primary of transformer T101 for maxi¬ 
mum rf voltage. 

To adjust the balanced modulator for 
optimum carrier suppression, switch S101 
is switched to the tower-sideband posi¬ 
tion. This switches in the 456.25-kHz 
carrier oscillator crystal, VI02, and any rf 
voltage measured at the plate of VI03 is 
due to carrier. Alternately adjusting R102 
and C101, the amplitude and phase bal¬ 
ance controls, for minimum rf voltage 
sets the balanced modulator, VI02 for 


adjust the primary and secondaries of the 
i-f transformer for maximum rf voltage 
indication (typically 10 to 15 volts). 

Putting the vfo on frequency can be 
most easily done by using a well-calibrat¬ 
ed general-coverage receiver. If one is 
unavailable, a reasonably accurate grid- 
dip meter can be used to place the vfo 
within the proper general operating range. 
With capacitors C102, C103 and C104 set 
approximately at midexcursion, identify 
the vfo signal using a general-coverage 
receiver. Inductor L101 may have to be 
decreased or increased in value (by chang¬ 
ing the number of turns) if the vfo signal 
is far from the desired range of 6.545 to 
6.845 MHz. Now, with C102 at midrange, 
adjust C103 (and C104, if necessary) to 
bring the vfo frequency to 6.695 MHz. 
Temperature compensation was found to 
be unnecessary in my exciter as vfo 
warmup drift was quite acceptable and 
the frequency stability is excellent. 

If you experience any excessive fre- 
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quency drift during warmup, this may be 
minimized by experimentally adjusting 
Cl04 to an increased value while check¬ 
ing on the frequency stability. Generally 
speaking, an uncompensated vfo will drift 
to a lower frequency as the temperature 
rises; adding a negative coefficient capaci¬ 
tance will minimize this. If it is necessary 
to increase the value of Cl04, be certain 


required, values of 10 to 100 pF can be 
used for C105, while still maintaining 
adequate mixer output. 

Once the vfo has been set on the 
desired frequency, the balanced mixer 
can be easily aligned. During these adjust¬ 
ments, be certain that the internal vfo has 
been switched into the circuit. Place an rf 
probe on pin 2 of the empty driver socket 



C107,C108 400-pF, 1000-volt air variable (see 

text) 

C109 see text 

L105 23 turns no. 22 enamelled, close- 

wound on 1 M ceramic form 


M101 0-1 mA meter 

R106 5000-ohm, 5-watt potentiometer 

(rf sensitivity control) 

2101,Z102 parasitic suppressors, 8 turns no. 

16 enamefled, wound around 
10-ohm, 1-watt carbon resistors 


fig. 12. Power amplifier and rf output meter. Grid and plate current metering may be added if 
desired. 


to reduce the value of Cl03 to keep the 
vfo within the proper operating range. 

Tuned circuits L102 and L103 were 
not adjusted in the conventional bandpass 
manner as there was more than enough 
drive from the mixer when its output 
circuit was peaked at 7.2 MHz to fully 
power the 6GK6 driver across the entire 
7.0- to 7.3-MHz range of the exciter. The 
coupling capacitor, Cl 05, connected 
across LI02 and LI03 is 500 pF. The 
7360 balanced mixer offered so much 
carrier oscillator rejection that I opted for 
maximum mixer output by heavily coup¬ 
ling L102 and L103 at the expense of 
decreased selectivity of these tuned cir¬ 
cuits. However, if more vfo rejection is 


and, with SI 01 in the tune position and 
SI04 in the spot position, alternately 
adjust L102 and L103 for maximum rf 
voltage. I measured more than 5 volts rf 
on the grid of V105 in my unit. 

Maximum vfo carrier oscillator rejec¬ 
tion is achieved in a similar fashion. 
Leaving the rf probe on pin 2 of VI05, 
place Si01 in the lower-sideband opera¬ 
ting position, adjust R101, the rejection 
control, for minimum rf voltage. The 
7360 balanced mixer is capable of about 
40-dB carrier rejection and the measured 
voltage should be 0.05 volts or less with 
the proper adjustment of R101. 

Before aligning the 6GK6 driver stage, 
be sure the final amplifier tubes, V106 
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and V107, are removed from their sock¬ 
ets. Place the rf probe on pin 5 of VI06 
(or VI07) and set the driver control, 
R107, at midrange. Now place the exciter 
in the tune mode by switching Si01 to 
the tune or carrier position and SI04 to 
the transmit position. Move S103, the 
manual tune/transmit switch to the tune 
position, and with C106, the grid-tuning 
capacitor, at midrotation, adjust L104 for 
maximum rf voltage. Turning the driver 
output control, R107, should increase the 


volts rf on voice peaks. The monitored, 
detected audio should be clear and crisp 
and without distortion. 

Finally, switch the monitoring receiver 
to the upper sideband mode and check 
sideband suppression. No intelligible 
upper-sideband signal should be heard. 
With the sideband suppression check 
completed, all the low-level stages of the 
transmitter have been aligned and only 
the power amplifier and relative power 
output metering stages need be adjusted. 


fig. 13. Voltage 
switching and trans¬ 
mitter and receiver 
control circuitry. 
Relays are shown in 
the standby (re¬ 
ceive) position. Re¬ 
sistors R104 and 
R105 are voltage¬ 
dropping resistors, 
value chosen to re¬ 
duce 21 0-volts dc to 
proper relay oper¬ 
ating voltage. 


JI02 



measured output to a maximum of about 
60 volts rf. Tuning C106 should further 
peak the driver output rf voltage. 

As a final check of proper alignment, 
the exciter's single-sideband signal should 
be monitored with an amateur-band re¬ 
ceiver. Keep the 6146Bs out of their 
sockets during this testing. Place S101 in 
the lower sideband position, S104 in the 
transmit positions and switch S102 to 
internal vfo. 

Keep the rf probe on the grids of 
V106 and V107 and loosely couple the 
receiver to LI04. With the PTT switch 
closed and without modulation, virtually 
no rf voltage should register, indicating 
good carrier and vfo oscillator suppres¬ 
sion. Speaking into the microphone 
should give readings of about 35 to 40 
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When adjusting the PA stage remember 
that more than 750 volts exists there, and 
if touched inadvertently, that's more than 
enough to prematurely end a promising 
career. Place the 6146B power tubes in 
their sockets and connect a high-wattage 
50-ohm dummy load to J104. Adjust 
R105 to supply about -55 volts bias to 
the grids of V106 and V107. Set the drive 
control, R107, to about midrange and the 
relative power output sensitivity control, 
R106, to about one-third. All the other 
operating controls should be set as pre¬ 
viously described when monitoring the 
exciter's signal, except that switch SI01 
should be in the carrier/tune position. 
With the PTT switch or S103 closed, 
adjust C107 and C108, the plate-tuning 
and antenna-loading capacitors, for maxi- 




mum deflection of the relative power 
output meter, M101. Resistor R106, the 
output meter sensitivity control, should 
be adjusted to keep the meter at about 
two-thirds deflection at maximum power 
output. 

Finally, insert a dc milliameter in the 
750-volt line, and with S101 in the 
lower-sideband position and the PTT 
switch closed, adjust R107, if necessary, 
to bring the final amplifier idling current 
to about 60 mA. As an alternative, a 
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1101 

6 -volt lamp (power on) 

LI 06 

10-mH, 175-mA filter choke 

(Hammond 193J or similar) 

R105 

50k, 10-watt potentiometer (bias 
control) 

T102 

117-Vac power transformer, 
350-0-350, 6.3 Vac secondary 

(Hammond 273BX or similar) 

Tl 03 

117-Vac filament transformer, 
6.3-Vac secondary (Hammond 
166L6 or similar) 


fig, 14. Power supply for the 40-meter ssb and 
cw transmitter. 


50-ohm dummy load wattmeter or an 
in-line monitoring oscilloscope can be 
used to tune the PA stage and adjust the 
rf output meter. Capacitors Cl07 and 
Cl08 are then simply adjusted for maxi¬ 
mum rf output as read on the wattmeter, 
or as seen by maximum deflection of the 
carrier envelope on the scope. R106 is 
then adjusted for two-thirds meter deflec¬ 
tion at maximum power output. 

operating 

Operating in either the ssb or CW 
modes is extremely simple. For both ssb 
and CW transmission the transmitter is 
initially tuned up as previously desceibed 
for full carrier output. To use the exciter 
independently, SI02 is switched to the 
interna / vfo. With SI01 in the lower- 
sideband position, placing SI04 in the 
spot position will allow you to "talk" 
yourself on frequency while monitoring 
your signal with the station receiver. Once 
on frequency, simply switch SI04 to 
transmit and all operating functions are 
controlled by the PTT switch. 

To operate in the transceive mode, 
connect the receiver vfo output to J105 
using a shielded cable and switch S101 to 
the external vfo position. The exciter and 
receiver are now slaved to the receiver's 
vfo frequency, and ssb operation is the 
same as in the split function. 

Although this exciter is primarily de¬ 
signed as an ssb unit, it puts out an 
excellent CW signal. To operate CW, 
simply tune up for maximum carrier 
output, then insert a key into J102. 
Switch S102 is left in the carrier position 
and SI03 is used as a manual CW/standby 
switch. 

circuit improvements 

You may be surprised by the omission 
of some operating luxuries in this exciter. 
This was intentional — to keep design and 
alignment as simple as possible and to 
keep cost at a minimum. However, vox 
and sidetone circuitry could be easily 
added for voice-operated ssb operation 
and semi-break-in CW operation. 

For those of you who may want to use 
upper sideband on 40 meters, switch 
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Top view of the transmitter chassis. Power amplifier cage is upper right, next to the power supply. 
Vfo enclosure is lower left, next to the front oanel. Speech amplifier tube is underneath the 
antenna-loading capacitor shaft to the extreme right. 


S101 could be changed to a 3-pole unit to 
switch in the required 453.75-kHz 
crystal. If you thrive on the sight of 
swinging meter needles, appropriate 
switching and metering could easily be 



Underneath the transmitter chassis. Front of 
chassis is at bottom. Power supply components 
are in upper right-hand corner. 


added to monitor final plate current, 
plate voltage and grid current. And, for 
the few courageous builders who seek still 
more, multibanding this exciter might 
even be considered. Changing vfo fre¬ 
quencies and switching in separate mixer 
and driver coils would be the most simple 
means of adding 80- and 20-meter opera¬ 
tion. For the higher frequencies, a second 
frequency conversion scheme would 
probably offer the best results. 

references 

1. Doug DeMaw, W1CER, "Building a Simple 
Two-Band VFO," OST. June, 1970, page 20. 

2. Doug DeMaw, W1CER, "A 40-Meter CW 
Receiver," QST, January, 1973, page 1 1. 

3. The Radio Amateur's Handbook, 50th edi¬ 
tion, 1973, ARRL, Newington, Connecticut, 
page 258. 

4. James Trulove, WB5EMI, "Three-Terminal 
Voltage-Regulator ICs," ham radio, December, 
1973, page 26. 
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automatically 
controlled access 

to 

open repeaters 


A control system 
that automatically guards 
against interference 
while allowing 
open repeater operation 


Anyone trying to operate an open re¬ 
peater on one of the popular frequency 
pairs such as 146.16/76 in an area like 
northern Ohio is increasingly faced with a 
difficult choice: guard the input, and shut 
out the visitor or occasional user who 
lacks the required means of access, or 
leave it unguarded and expose the re¬ 
peater to a lot of plucking and other 
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unwanted transmissions. Even if the input 
frequency is less popular, the growing 
availability of synthesizers puts an un¬ 
guarded repeater at the mercy of the 
operator who can't resist seeing how 
many squelch tails he can generate and 
how many identifiers he can trigger each 
time he pushes the button on his micro¬ 
phone. 

WR8ABC, the 146.16/76 repeater 
serving the Cleveland area, is located on 
the crest of a ridge southeast of the city. 
There are 16/76 repeaters to the east, at 
Ashtabula, to the south at Newcomers- 
town and Columbus, and across Lake Erie 
in Detroit. Even without a band opening, 
mobiles in the fringe areas between re¬ 
peaters often key more than the machine 
— with only a slight propagation enhance¬ 
ment the situation can become chaotic. 

The Detroit repeaters, Great Lakes on 
146.16/76, and DART on 146.04/64, 
have adopted sub-audible tone access, or 
full-time private-line. The Ohio 16/76 
repeaters have established secondary in¬ 
puts on discrete tertiary frequencies (for 



example, 146.355 in Cleveland) to permit 
base stations and high-powered mobiles in 
the fringe areas to select the repeater they 
want to access. 

the problem 

The group that operates WR8ABC has 
consistently voted to keep the repeater as 
open as possible. When conditions made 
it necessary to guard the 146.16-MHz 
input, provision was made for access with 


made it possible for a fringe area station 
to picket-fence the repeater indefinitely 
as long as his signal was strong enough to 
open the receiver squelch once every five 
seconds, which was hard on the equip¬ 
ment and even harder on the control 
operator. More than once the repeater has 
been out of service for several hours 
because a control operator switched it off 
and forgot to turn it on again when the 
interfering signal disappeared. 



#- FILTER capacitors if needed, 
(SEE TEXT) 


fig. 1. Timing circuit and counter for the repeater control system* For values of R1, R2 and Cl, see 
text. All diodes are general-purpose silicon types such as the 1N914. 


private-line (110.9 Hz), tone burst (2000 
Hz) and the 1336-Hz tone generated by a 
Touch-Tone pad. In addition, once the 
guard was opened by one of these means, 
the repeater remained open to access by 
any on-frequency carrier for the duration 
of each transmission and five seconds 
thereafter. 

Permitting "tail-ending” in this way 
effectively opened the machine to use by 
any number of stations, with or without 
private-line or tone generators, as long as 
one of them could whistle the machine 
up in the first place. Unfortunately it also 


the solution 

In an attempt to overcome some of 
the disadvantages of the previous method, 
a new system to control access to the 
146.76-MHz input has been installed 
which leaves the input open until it is 
repeatedly keyed by a signal which is not 
modulated by any of the access tones 
recognized by the decoder. When the 
receiver squelch is operated three times in 
succession by such a signal the input is 
automatically guarded. The guard is 
opened, also automatically, by a timer in 
approximately 15 minutes; it opens 
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sooner if the repeater is keyed by a 
station using an accepted access tone, or 
by one using the unguarded secondary 
input. 

The circuit is shown in fig. 1. The BD 
input of an SN7490 decade counter, U1, 
is toggled by a signal source that goes 
high each time the guarded receiver COR 



SHAPED KEYING 
SIGNAL TO 
COUNTER INPUT 
(SEE FIG I) 


SAME SIGNAL TO 
KEYING SIGNAL 
INPUT IN FIG. 3 





CONTACT BOUNCE 


fig, 2, Shaping circuit for the keying signal. 


is triggered by a signal. It counts the 
pulses generated by a signal with no 
access tone, and latches in the "binary 9" 
condition on the fourth count. This 
generates a logic 1 at the A output, pin 
12, until the counter is reset to zero. 

To make the counter operate in this 
manner the D output, pin 11, is wired to 
one of the R g reset inputs, and the other 
R g input and one R^ input are control¬ 
led by an SN7402 NOR gate, U2. So long 
as one R^ and one R g input are low, U1 
counts the receiver COR cycles. On the 
fourth count the D output at pin 11 
carries the R g input at pin 6 high. If pin 7 
is also high, the counter latches with both 
A and D outputs in the high state. It will 
remain in this condition until the second 
Rg input, pin 7, is switched to the low 
state by gate U2C. The same signal that 
does this switches the output of gate U2B 
high and U1 resets to zero. 

The impulse to reset the counter to 
zero can come from any one of the four 
sources connected to the resistor-tran¬ 
sistor network through diodes CR1 
through CR4. The private-line (PL) out¬ 
put from the WR8ABC PL decoder is low 
when the receiver is squelched and high 
when the squelch is opened by a private- 
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line tone. The inputs to the other three 
diodes are normally high, and are 
switched to ground potential when an 
activating signal is received. 

If no signal is received from any of the 
four sources connected to the diodes for 
a predetermined interval, the timer con¬ 
nected to the second input of gate U2C 
will reset the output counter. The timer is 
another decade counter, U3, driven by 
the square-wave output of an Intersil 
8038 precision waveform generator, U4. 
The rate at which the 8038 cycles is 
controlled by the values of Cl, R1 and 
R2. As installed at WR8ABC, Cl =100 
juF, R1 = 47k, and R2 = 100 ohms. The 
generator cycle is just under two minutes, 
and U3 reaches the count of 8 in 15 
minutes, at which time it resets itself and 
U1. 

construction 

Note that the 2.2k load resistor con¬ 
nected to pin 9 of the 8038 is returned to 
+5 volts rather than to +12 volts to make 
the square-wave output TTL compatible. 
Some precautions in construction are 
advisable. Rf shielding is essential if the 
unit is to be installed near a transmitter, 
although there should be no problem 
with a split-site repeater. The count and 
reset inputs are all sensitive to short 
pulses. Signals connected to the PL and 




Front and rear views of the printed-circuit 
board used for the repeater access system. The 
relay is not mounted on the board. 









tone inputs that reset the unit should be 
filtered to suppress response to transients, 
and so should the signal from the second¬ 
ary receiver COR. A small electrolytic 
capacitor or a resistor and capacitor 
should suffice. 

The keying signal to the counter input 
is more critical. COR relay contact 
bounce can cause erratic counting. The 


WR8ABC repeater is built on a home¬ 
made PC board approximately 2x4 
inches, which provides for all the com¬ 
ponents in figs. 1 and 2 except the COR 
relay. Boards for the later model shown 
in the photographs, which includes the 
optional input filters, and/or complete 
assembled units are available from the 
author.* 


fig. 3. Transmitter control re- 
lay circuit. Values of R3 and 
R4 are selected as described in 
text. Transistor Q3 is a pnp 
silicon transistor capable of 
switching the relay current 
and voltage. Diode CR5 must 
have a PIV rating higher than 
the positive voltage supply. 


ACCESS CONTROL 



best way I have found to shape the COR 
signal is shown in fig. 2. This system uses 
two sections of an SN7400 NAND gate 
and a double-throw COR relay on the 
receiver. 

The unit was designed to work with 
the solid-state control logic described in 
an earlier article, 1 but the output can be 
used to drive any TTL-compatible logic, 
or to operate a transmitter keying relay 
with a transistor driver. A circuit to do 
this using the other two sections of the 
SN7400 is shown in fig. 3. Transistor Q3 
is a pnp silicon switching transistor capa¬ 
ble of handling the keying relay current 
and voltage. Resistor R3 should be selec¬ 
ted to limit the current through it to 
approximately 10 mA when the junction 
of R3 and R4 is at ground potential. 

Resistor R4 should limit the voltage at 
this junction to between 3.5 and 5 volts 
when the junction is ungrounded. Diode 
CR5 protects Q3 against surges when the 
relay opens. The access control on/off 
switch, which can be a remotely control¬ 
led flip-flop or relay, permits the operator 
to inactivate the guard circuit if a com¬ 
pletely open operation is desired at any 
time. 

The original unit in service at the 


conclusion 

To summarize operation of a repeater 
with this system of access control, so long 
as no more than three successive signals 
without access tones key the transmitter 
through the guarded receiver in any 
15-minute period, the guard will remain 
open indefinitely. It will close immediate¬ 
ly, however, when the guarded input is 
plucked three times, accidentally or on 
purpose. A visitor to the area, without 
tone access, never has to wait more than 
15 minutes for the repeater to open up, 
and since he is usually answered by a 
station using PL, tone, or the secondary 
receiver, can carry on a conversation 
indefinitely in most instances as though 
the repeater was unguarded. 

reference 

1. R.B. Shreve, W8GRG, “Integrated-Circuit 
Sequential Switching for Touchtone Repeater 
Control,” ham radio, June, 1972, page 22. 
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*Epoxy printed-circuit boards can be purchased 
from the author for $5.00, postpaid. Prices on 
complete units, with any reset time interval up 
to 30 minutes, and designed to interconnect 
with the user's equipment, will be quoted on 
request. 
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six-meter 

frequency 


Complete 

construction details 

for a 

frequency synthesizer 
that covers the entire 
50-MHz band 
in 1-kHz steps 


Although I have been relatively inactive 
on 6 meters in recent years, this band has 
always been a favorite. This is no doubt 
due to an austere but exciting ham 
beginning on 5 meters during the 1930s 
when modulated oscillators, superregen 
receivers and Pickard antennas were com¬ 
mon. After World War II modulated 
oscillators were phased out by stability 
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regulations, and crystal control became 
mandatory. 

Rock-bound transmitters forced de¬ 
velopment of improved vacuum-tube vfos 
over the years, and these gradually gave 
way to solid-state circuits. Heterodyne 
versions improved on them in turn and 
now, with the "galloping 1C Tech¬ 
nology," synthesizer frequency control is 
coming on strong. Widely used in military 
and commercial equipment for many 
years, until recently frequency synthesis 
has been too costly for general ham use. 
However, two-meter units are now on the 
market and a number of construction 
articles have appeared in print for the 
do-it-yourselfers. 

Recently, I had a go at working up 
one of these exotic channelizing vfos for 
a 50-MHz a-m rig. New and unusual 
circuit problems had to be solved before 
success was attained. For the unwary 
homebuilder who is or will be building an 
indirect synthesizer, this article will en¬ 
deavor to point out some constructional 
pitfalls, offer a few guidelines and, hope¬ 
fully, aid in maximizing proper operation 
on your first try. 

design 

Following a modest literature search, a 
6-meter 1C frequency synthesizer was 
blocked out that tuned from 50.000 to 
54.000 MHz in 1.0-kHz steps. Considera- 


tion was given to minimum steps of 5 or 
10 kHz, knowing it would ease the task 
of phase-locking and reduction of spuri¬ 
ous outputs, but this less desirable trade¬ 
off was finally overcome by intensive 
debugging. To be useful as an 8-MHz 
crystal replacement, output frequency 
runs from 8,333,333 to 9,000,000 Hz. 
An electronic calculator made quick work 


enameled wire, a handy enameled hookup 
wire with insulation which melts back 
from hot solder to leave a nicely tinned 
end ready for connection. Feeding in 
clock pulses having a configuration called 
for by the chip manufacturer at a 
8,333,330 Hz rate resulted in an output 
that closely resembled a pseudo-random 
bit stream! "Oh well!" said I, "probably 



fig. 1. Programmable divider divides from 50,000 to 54,000 in steps of 1. The thumbwheel switch 
assembly (SI, S2, S3 and S4) is an EccoSwitch type 4R177612G. Switch S5 provides divide-by-4 for 
MARS netting (see text). 


of the math. Frequency increments of 
166.2/3 Hz, when multiplied by 6, yield 
1.0-kHz steps on 6 meters; the required 
division is 50,000 to 54,000. A 1.0-MHz 
reference crystal divided by 6000 pro¬ 
duced the necessary 166.2/3 Hz compari¬ 
son signal for phase detection. 

First off, a string of five 74192 pro¬ 
grammable divider ICs were plugged into 
sockets Duco cemented to perfboard and 
wired to divide by 50,000 as shown in fig. 
1. This wiring consisted of no. 28 Beldsol 


just a wiring error, maybe a stray oscilla¬ 
tion or a bit more B+ bypassing." 

Three weeks later, the output wasn't 
quite so random but counting down to 
zero from a given input frequency never 
agreed with the divider truth table. Even 
getting close to 166 Hz required a higher 
input frequency than theory said was 
necessary. The B+ supply from a three- 
terminal 1C regulator had to exhibit very 
low impedance. Miniature axial-lead tan¬ 
talum capacitors added for supply voltage 
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bypassing helped a little, but it was just 
impossible to obtain a stable, fixed divi¬ 
sion ratio. 

About this time K20AW described his 
programmable divider. 1 After some read¬ 
ing, the operating principles of K20AW's 
circuit became clear. Since I only had 
transmitter frequency control in mind, 
his circuitry for receiver LO use could be 
deleted. Also, since the most significant 


extra counts. My skinny little magnet 
wire must have looked like kilohms! 

Not wishing to process double-clad 
printed-circuit board, and with low cost 
always in mind, the socket/perfboard 
layout was modified to accomodate 3M's 
1181 half-inch wide, copper-foil adhesive 
tape, one pattern stuck down for ground 
and the same pattern directly opposite 
for B+. This formed a low dc resistance, 


+5V +5* +SV +5V 



fig. 2, Circuit for the 1-MHz reference oscillator, divide-by-6000 and MC4044P phase detector. 
Transistors Qt and Q2 may be any small npn transistors with current gain of at least 100 such as the 
2N4124 or 2N5130. 


digit never changed, a 7490 wired bi¬ 
quinary could divide by five. 

This new circuit replaced the first 
version and at least got me into the 
ballpark, meaning division was off by 
only scores of numbers instead of hun¬ 
dreds! Many troubleshooting tricks were 
tried and failed. Finally, a fruitful discus¬ 
sion with WA1CTS yielded a nugget 
generally known to computer builders 
but seemingly little known among ama¬ 
teurs: B+ and ground for TTL logic 
should use ground-plane techniques with 
a 100-ohm transmission line built in for 
power distribution. Neglect of this basic 
design requirement was manifested in 
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low inductance and distributed bypass 
capacitance power feed system that also 
made socket wiring easier. When fired up 
once again, the long sought after magic 
numbers appeared! 

Dividing 8,333,330 by 50,000 gave 
166.6 Hz, and dividing 9,000,000 by 
54,000 also gave 166.6 Hz. Various in- 
between divisions were tried; all came 
out correctly. This without any B+ by¬ 
passing to ground, too. Success was so 
sweet, the foil transmission line im¬ 
pedance never did get measured. How¬ 
ever, 4.2 pF per half square inch of foil 
was measured and with 20 inches per 
board this is 168 pF. As a rule of thumb. 






pulse rise time can be related to one cycle 
of rf in the same period, so the 5-nano¬ 
second transitions correspond to 200 
MHz where 168 pF has a reactance just 
under 5 ohms. Obviously, this is quite 
effective in shunting pulses whose source 
impedance is 10 to 20 times higher. 

With an idealized clock pulse obtained 
from a lab pulse generator the next item 
of business was to simulate it inexpensive¬ 
ly. A 74121 one-shot, timed to deliver 
40-ns negative-going pulses, was found to 
be perfectly adequate. Proceeding next to 
the reference circuit and again using 
copper foil for power distribution, a 
1.0-MHz crystal oscillator divided by 
6000 was constructed (fig. 2) and never 
failed to operate properly from first 
turn-on. 

vco 

As other writers have indicated, the 
vco must be inherently stable by itself 
before electronic frequency control is fed 
back. A Vackar oscillator circuit was 
chosen for three reasons: it is frequency 
and amplitude stable, and, like the Clapp, 
has one connection where small capaci¬ 
tance variations result in large frequency 
shifts. The circuit, fig. 3, was built on a 
bit of double-clad printed-circuit stock to 
insure mechanical integrity and simplify 
shielding. It was then tested by feeding in 
varactor bias from a 10-turn 10k pot tied 
across 5 volts of B+. Tuned-circuit com¬ 
ponent values were juggled to obtain the 



Layout of the reference divider, showing the 
use of 3M adhesive-backed copper tape to 
achieve the low-impedance B+ and ground leads 
required for proper operation of the TTL logic. 
Circuit board for the programmable divider (fig. 
1) uses the same technique. 



Small size of the circuit boards used in this 
synthesizer results in a very compact package. 

graphed tuning curve shown in fig. 4. This 
check should always be made to get an 
idea of linearity and voltage swing re¬ 
quired for a given configuration. 

When tuned in on a CW receiver, the 
carrier jumped in discrete steps as the pot 
wiper moved along individual turns of 
winding resistance which is understand¬ 
able when it is realized that slew sensi¬ 
tivity is about 500 Hz per millivolt. Slow 
frequency drift is not important during 
this test but any audio rate burble must 
be eliminated. Some rectifier diodes work 
well as tuning devices but be careful of 
ambient light effects; one diode I tried 
had a translucent plastic case which 
caused 60 Hz fm from an overhead light 
until the device was wrapped in black 
plastic tape. 

Oscillator B+ must be essentially 
battery-pure and stable, and a separate 
7805 1C voltage regulator is recom¬ 
mended. No doubt a n A723 regulator 
could be used, but these new three- 
terminal voltage regulators are so easy to 
wire in, they spoil you for anything else. 

Unilateral amplification is necessary to 
prevent spurious vco pulling by logic 
pulses sneaking back through the gain 
chain. The resultant pulsed fm generates a 
wide spectrum of hash that is impossible 
to cure without redesign. A Darlington 
emitter follower has worked well in this 
regard and is able to properly fire the 
one-shot. Additional isolation and gain is 
provided by a MC1350P which drives the 
transmitter multiplier. 
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phase detector 

Next on the agenda was selecting and 
optimizing a phase detector circuit. Per¬ 
haps it would be helpful to set up an 
idealized specification and then see what 
can be done to meet it in the real world. 
This black box would detect the slightest 
difference in phase of incoming 166-Hz 
pulses, change this information into a 
precise step of dc control voltage and 
instantly slew the vfo back into exact 
synchronism with its reference. In truth, 
since nothing works in zero time, there 


during a second effort. After considerable 
playing around with component values, 
sidebands were down to about 20 kHz. 
One bad feature was the lack of drive 
toward sync if the vco happened to get 
outside one end of lock range. For all its 
faults, a MC4044 1C always drove 
towards lock, no matter where the vco 
was initially. 

Since WlUYK's circuit 3 worked on 
41-Hz pulses I decided to give it a try. It 
was wired in per his schematic and 
showed promise right away; sidebands 



fig. 3. Circuit for the vco used in the 6-meter frequency synthesizer. The 9.35 fJLH inductor, LI, 
consists of 37 turns no, 22 enamelled on a T-68-2 Amidon toroid core. 


would have to be some phase difference 
to produce a correction voltage, and steps 
of dc voltage generate wideband tran¬ 
sients. Therefore, a real world circuit will 
necessarily have time delays, small error 
signals and low pass filtering as minimum 
requirements. 

The first circuit I tried 2 was totally 
unsuited for low-frequency use; the vco 
put out a spectrum of hash many hun¬ 
dreds of kHz wide and optimization only 
reduced this to about 90 kHz. For audio¬ 
frequency phase detectors, many design¬ 
ers have gone to sample-and-hold circuits 
as a means of reducing pulse feedthrough, 
but since I didn't have any enhancement¬ 
mode fets on hand, a pair of MPSA12 
Darlington transistors were substituted 


came down to about 10 kHz. Another 
period of testing commenced in an at¬ 
tempt to modify the circuit for this 
particular synthesizer. The final result is 
similar with one interesting exception — 
the use of a 10k variable for adjusting 
loop lock-up rate. 

As resistance is progressively reduced, 
vco slew response changes from over to 
critical to under damping and eventually 
into sustained hunting. It's quite easy to 
hear this effect on a CW receiver and 
adjust for a rapid settling time (about 2 
seconds) by placing a finger momentarily 
on the vco tank coil to force it far out of 
lock. Do this at 8.33 MHz where loop 
gain is highest. 

Settling time is a little longer at 9 MHz 
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due to slightly lower voltage sensitivity 
and is a tradeoff made for non-linear 
varicap pull range. A low leakage elec¬ 
trolytic must be used for the 25-juF 
capacitor (20 megohms on a Simpson 
260) because it connects between a pos¬ 
sible maximum 4 volts and a dc amplifier 
having a current gain of about 50,000. 
Only ac coupling is wanted. An RC filter 
follows the active filter to reduce side¬ 
bands to essentially zero and at 40 dB 
over S9, the carrier sounds perfectly 
quiet. 


frequency signals could take place. To 
prevent this, a simple pulse-width com¬ 
parator, timer and relay deactivate the 
transmitter and hold it off until sync is 
regained (see fig. 5). Two NAND gates 
make up a one-shot whose timing capaci¬ 
tor produces one microsecond for every 
770 pF, so .01 ixF gives about 12 micro¬ 
seconds. This is longer than the normal 
up-to-5 microseconds out of the first 
gate. These two signals take turns keeping 
inputs low on a third gate and its output 
stays high. Should the vco suddenly shift 


In a lab check using 
a special oscilloscope, 
varicap control voltage 
showed 10 microvolts 
pulse and about 30 
microvolts random dc 
on a plus 1.0-volt 
pedestal at 8.5 MHz. 


fig. 4. Frequency of vco vs 
control voltage, using a 
Sylvania 1N4005 rectifier 
as a varactor. 



This equates to an average carrier uncer¬ 
tainty of ±7 Hz or six times that on 6 
meters, an acceptable figure for most 
transmission modes. These small error 
voltages remain unchanged, but the major 
dc voltage will lie between 0.5 and 3.8 
volts, depending on frequency and trim¬ 
mer capacitor adjustment (0.7 at 50 MHz 
and 2.1 at 54 MHz used here). 

A simple but revealing test can be 
made by tuning in the reference crystal's 
9th harmonic at 9.0 MHz, then setting in 
a division of 53,999 to produce a 166-Hz 
heterodyne. Servo loop limitations will be 
evidenced by a small burble or beat note 
instability. Any circuit modifications 
should be aimed at minimizing this ran¬ 
domness without degrading sideband 
levels or lock-up action. 

unlock detector 

If the synthesizer becomes unlocked 
for any reason, transmission of off- 


frequency more than 10 kHz at 6 meters, 
the 5-microsecond pulse briefly becomes 
longer than the 12, gate output drops, 
firing the timer and energizing the relay 
for 4 seconds. Consequently, a frequency 
change of several kHz is possible without 
initiating action. 

A desired frequency shift tolerance 
may be set in by variation of the one-shot 
capacitor while off time is changed by 
appropriate shift of R or C in the NE555 
timer. Start-up, long settling times or 
hunting will keep the relay on; it will not 
reset until phase lock is effected. 

construction 

If you decide to build this six-meter 
frequency synthesizer, there are several 
important points to keep in mind. First 
of all, use a ground plane or copper strip 
for logic B+ and ground power distribu¬ 
tion. Strive for battery-pure dc supplies 
for the oscillator and buffer. Use at least 


march 1974 GB 31 










fig. 5. Circuit of the unlock detector and timer. Relay K1 is a Sigma 62R2-12DC. Simple 
three-terminal five-volt voltage regulator for the entire synthesizer is shown at right, below. 


two voltage regulators: One for logic, one 
for the vco. Zener diodes have too high 
impedance and unregulated B+ is out of 
the question. 

Keep the dialed logic wiring short and 
direct to its respective 1C terminal. Opti¬ 
mize the base-bias resistor in the vco 
using the 9-MHz burble test (use a 22k 
isolating resistor and 250k pot in series to 
determine the proper value). Follow the 
vco with one-way rf amplification. 

Shield the entire synthesizer. Shield 
the oscillator separately, and use feed¬ 
through capacitors and shielded cable. 
Beware of ground loops — non-reducible 
sidebands usually result. All construction 
must be mechanically secure. Anything 
that moves will cause phase shifts that the 
detector tries to correct for. Think of 
phase as a change of less than one-half Hz 
at 8 MHzf 

Stray capacitance at the varicap con¬ 
nection will have considerable affect on 
the capacitor values required to bracket 
8.33/9.00 MHz with a given tuning diode 
and bias voltage swing. A frequency 
counter is convenient, but a well- 
calibrated communications receiver will 


do fine. If only the first MHz on six 
meters is of interest, adjustment is that 
much easier. Experiment with different 
voltage-variable capacitors. A Sylvania 
1N4005 rectifier diode produced less 
frequency jitter than a Motorola Epicap 
MV2209. 

For a real eye-opener, try placing a 
battery-powered broadcast radio next to 
the programmable divider board to pick 
up its amazing spectrum of signals. Then, 



Construction of the vco. The 9.35-JiH inductor 
is in the upper left-hand corner of the board. 
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"finger test" the vco — the result is hard 
to believe! 

summary 

Troubleshooting this synthesizer was a 
real challenge but definitely worthwhile 
once it began to operate correctly. There 
is tremendous satisfaction in having a 
6-meter crystal-stable rf generator with 
4000 discrete frequencies. Great for nets, 
receiver calibration and avoiding inter¬ 
ference. When asked to move "up a 
couple," you'll shift exactly two kHz. 
Schedules on a prearranged frequency 
will be right on. Other vfos can be 



fig. 6. MC1350P rf amplifier provides 0.3-voit 
rms output into 50 ohms. L! is 19 turns no. 28 
on 3/6 M diameter iron-core form, 3/4” long. L2 
is 6 turns no. 28 over center of LI. 

calibrated by your dialing in spot fre¬ 
quencies to zero in on. MARS netting is 
possible by adding a toggle switch on the 
7490 bi-quinary to divide by four; see the 
schematic in fig. 4. Narrow-band fm is 
possible by adding modulation to the vco 
control voltage, but hum will be a prob¬ 
lem as only tens of microvolts can be 
tolerated. 
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performance 
characteristics of 

vertical antennas 


A discussion of 
matching networks, 
network losses 
and bandwidth of 
vertical antennas 
of various heights 


I've been interested in antennas for 
80-meter DX that were simple, inexpen¬ 
sive and effective, so I've been reading a 
lot of the vertical antenna literature prior 
to putting up a vertical or a phased 
vertical array. I chose verticals early in 
this effort since antenna books show that 
the low angle radiation from vertical 
monopole antennas is considerably better 
than from horizontal dipoles unless the 
dipoles are unreasonably high, at least for 
80 meters. 

The first question was, "What vertical 
height should be used?" A recent article 1 
shows that short verticals do a pretty 
good job, which I agree with. Although 
some antenna articles have indicated that 
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tall verticals have much better low angle 
radiation than short ones, reference to 
antenna books such as those written by 
Kraus 2 or Jordon 3 show that the low- 
angle radiation pattern is essentially the 
same for a wide range of vertical heights. 
More on this later. 

My studies show that earth and net¬ 
work losses are the most important fac¬ 
tors. These losses are greater for short 
verticals than they are for tall verticals. 

I've indicated a few considerations, 
but there are still a number of questions 
to consider and answer, and in more 
detail. How high should the vertical be? Is 
a tall vertical better than a short one? If 
so, how much better? What does better 
mean, or what factors or tradeoffs are 
important, and what is their relative 
importance? 

You will find that there is quite a bit 
of choice in the height that may be used 
for a single vertical. If two or more 
verticals are to be part of a phased array, 
then there is less choice as to which 
antenna height may be used. 

Some of the factors that must be 
considered are self-impedance; mutual im¬ 
pedance in arrays; earth, radial, and net¬ 
work losses; bandwidth and vswr versus 
height; vertical radiation pattern; type of 
tuning network required; type of trans¬ 
mission line used; physical or mechanical 
factors; and the radial ground system. 

How can you make sense out of so 
many interrelated factors? You don't 
want to reinvent the wheel, so I will make 
use of material such as that from early 
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issues (1930s) of the Proceedings of the 
IRE, and from standard antenna text¬ 
books. Today there are a number of new 
tools at our disposal such as digital 
computers, pocket electronic calculators, 
etc., and these were used to develop 
answers to some of the questions. 

Rather than try to answer all of the 
questions at once, several articles are 
planned, with only a few topics in each. 
The data and examples will cover a range 



of values which are practical for average 
amateur situations. The graphs will be 
large enough to serve as useful reference 
data for amateurs who wish to work out 
other examples. 

This first article will deal with the self 
impedance of a single vertical, and indicate 
what networks (if any) are required for 
various heights of verticals, what losses 
occur in these networks, and what band- 
widths result. 

The second article will compare the 
vertical radiation patterns of various 
height verticals. The third article will 
discuss ground losses, and answer the 
remaining questions posed here. The last 
article will present mutual impedance 
data, and will analyze a particular phased 
array. 


antenna self impedance 

The electromagnetic field produced by 
an antenna results from certain current 
distributions on the antenna which vary 
with time. Many cases are analyzed in the 
literature, from the elementary current 
element, to the elementary dipole, to a 
full-length dipole with sinusoidal current 
distribution. Various steps in the analysis 
show that induction, radiation and elec¬ 
trostatic fields result, all of which fall off 
differently with distance. All of these 
fields (the near field) must be considered 
to determine either the reactance of a 
single antenna, or the mutual impedance 
between two or more antennas. 

The radiation field is sufficient when 
considering the radiation patterns. These 
theories were used by authors of antenna 
books and articles to develop equations 
used to make calculations here. I used the 
appropriate formula from Jordan 2 for 
antenna self impedance (one for resis¬ 
tance and one for reactance). Each 
formula is a long complex expression 
consisting of many sine and cosine in¬ 
tegral terms, and they are also functions 
of antenna height. 

Antenna self impedance, as used here, 
consists of the antenna base resistance, R, 
and the antenna base reactance, X. You 
must be careful when using such formulae 
to be sure that loop or base values are 
used consistently and properly. The base 
impedance values are those seen at the 



fig, 2. Network coil loss vs antenna height (see 
text). 
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base of a vertical antenna. Loop values 
result from considering the current loop 
up on the antenna. It is easy to convert 
from one set of values to another, as for 
example 

Rbase = R|oop/ s 'n 2 <0h) 

Antenna textbook data is sometimes 
given for loop values, and sometimes for 
base values. Base values are used here. 



where X is the wavelength, and h is the 
electrical length of the antenna in wave¬ 
lengths. 

antenna height 

Another time you must be careful is 
when you calculate the physical length of 
the antenna. For antennas of the di¬ 
ameter of interest (2-inch diameter con¬ 
duit was used here), the physical length 
should be 5% less than the electrical 
length. The computer calculations were 
made using the electrical length in order 
to compare my results with standard 
antenna textbook data, but the physical 
lengths given here will have the 5% 
shortening included. A handy formula for 
this is 


984 x hA 
Fmhz x 105 


feet 


where HA is the physical antenna length 
in feet, and hA is the electrical length in 
fractions of a wavelength. For example, if 
Fmhz = 3.8, then HA = 246 hA. Then, if 
hA = 0.25, HA = 61.5 feet. 

The results of the first computer pro¬ 
gram I wrote gave values of R and X vs 
hA. This standard data is reproduced in 
fig. 1 for use in selecting some examples 
of practical heights of verticals. 

The antenna lengths selected for con¬ 
sideration were even multiples of 10-foot 
pieces of conduit, and specifically were 
30-, 40-, 50-, 60- and 70-feet long. Some 
special lengths were also selected, and 
these were lengths which were easily 
matched to RG-8/U or RG-11/U coaxial 
cable. 


table 1. Calculated vertical antenna characteristics vs 
height, and vswr performance with three different 
types of matching systems. 

1, No matching network (center of coax connected 


directly to antenna base). 
HA 


(feet) 

h/X 

R 

X 

coax 

vswr 

80.0 

0,325 

90,6 

+230.0 

RG-ll/U 

8:1 

76.0 

0.31 

75.0 

+ 180.0 

RG-11/U 

8:1 

60.0 

0.243 

33.8 

+ 5.7 

RG-11/U 

2.2:1 

70.0 

0.285 

55.0 

+ 108.0 

RG-8/U 

6:1 

69.0 

0.28 

52.0 

+ 95.0 

RG-8/U 

5:1 

61.5 

0.25 

36.6 

+ 21.3 

RG-8/U 

1.8:1 

60.0 

0.243 

33.8 

+ 5.7 

RG-8/U 

1.5:1 

59.3 

0.241 

32.0 

0 

RG-8/U 

1.6:1 


2. Series capacitor, C, between coaxial transmission 
line and antenna base. 

HA 


(feet) 

hA 

R 

X 

coax 

C,pF 

vswr 

80.0 

0.325 

90.6 

+ 230 

RG-11/U 

182 

1.2: 

76.0 

0.31 

75.0 

+ 180 

RG-11/U 

233 

1.0: 

70.0 

0.285 

55.0 

+ 108 

RG-8/U 

388 

1.06: 

69.0 

0.28 

52.0 

+95 

RG-8/U 

441 

1.0: 

61.5 

0.25 

36.6 

+21.3 

RG-8/U 

1966 

1.4: 


3. Type-C L-network (see fig. 3) used with RG-8/U 


coaxial cable. Vswr 1.0:1. 
HA 


(feet) 

h/X 

R 

X 

L ,A£H 

C,pF 

60.0 

0.2433 

33.8 

5.7 

0.80 

591 

50,0 

0.2028 

20.7 

"86.5 

4.69 

991 

40,0 

0.1622 

12.1 

"183.8 

8.62 

1467 

30.0 

0.1216 

6.3 

"303.0 

13.41 

2164 


4. Type*A L-network (see fig. 3) used with RG-8/U 
coaxial cable. Vswr 1.0:1. 

HA 

(feet) hA R X L, flH C,pF 

70.0 0.285 55 +105 4.33 637 


Table 1 lists these choices, the net¬ 
work used (if any) and the resulting vswr 
calculations made at 3.8 MHz. This data 
shows that with no network and 
RG-11/U transmission line, the lowest 
vswr is 2.2:1 with HA = 60 feet. With no 
network and RG-8/U coax, the lowest 
vswr is 1.5:1 with HA = 60 feet. If the 
proper series capacitor is used, the vswr is 
1.0:1 for RG-8/U at HA = 69 feet, and 
for RG-11/U at HA = 76 feet. 

For antennas of other heights the vswr 
is 1.0:1 if the proper L-networks are 
used. The L-networks were calculated 
using the methods outlined in my QST 
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article, 4 or from the methods detailed in 
ham radio . 5 

network losses 

The next topic to explore is that of 
matching network losses. Of course, there 



fig. 3. Bandwidth of vertical antennas vs height. 
Bandwidth edges defined by frequencies at 
which vswr increases to 2.0:1. 

is no network loss for cases not using a 
matching network, and I will also assume 
that there are no losses in any of the 
network capacitors. However, there are 
coil losses, and these can be significant 
for matching networks for short vertical 
antennas. Assuming that the power out¬ 
put to the matching network is 600 
watts, and that the Q of the network coil 
is 200, coil losses are as shown in fig. 2. 
On the basis of this graph you can select a 
height of vertical depending upon the 
amount of network loss that you are 
willing to accept. 

As an example of these calculations, 
consider a 30-foot vertical, where HA = 
30 feet, R = 6.3 ohms, and X L = 320 
ohms. If there are no capacitor losses, the 
600 watts delivered by the coax feedline 
to the network must be divided between 
the network coil and the antenna. There 
are earth losses too, but I will consider 
these in a later article, and assume that 
they are zero now in order to examine 
network losses. The coil loss resistance, r, 
is X l /Q, or 320/200 = 1.6 ohms. The 


current in the coil and antenna is then 

l ‘' / ^ = '/dnrb “ 871 amps 

Thus, the coil loss is l 2 R = 121.5 watts, 
and l 2 R = 478.5 watts delivered to the 
antenna. 

antenna bandwidth 

The last topic for this article is that of 
the bandwidth for the antenna examples 
given. For each of these examples the 
network was designed to make the input 
impedance seen by the coax feedline to 
be 52 ohms for a vswr of 1.0:1 at an 
arbitrary frequency of 3.8 MHz. Another 
computer program was written which 
calculated the input impedance versus 
frequency for the same network and same 
height vertical. The previous program 
furnished the changing antenna self im¬ 
pedance versus frequency. The changing 
input impedance versus frequency was 
plotted on a Smith chart for 30-, 40-, 50- 
and 60-foot verticals using one type of L- 
network; the 69-foot vertical using a 
series C network; and the 70-foot vertical 
using a different type of L-network. 
Bandwidth was arbitrarily defined as 
being the difference between those fre¬ 
quencies having a vswr of 2.0:1. These 
bandwidths are shown in fig. 3. As 
expected, the shorter antennas have a 
smaller bandwidth. Use of this graph will 
help you to select an antenna height 
depending upon what bandwidth is ac¬ 
ceptable to you. 
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way into high-frequency linear amplifiers. « 
Broadband, untuned amplifiers that were □ 
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become the best approach with semi- c 
conductors. Along with the advantages of ^ 
rapid QSY and circuit simplicity comes (D 


the problem of unwanted harmonics. It is 
a recognized fact that a lowpass filter is a 
necessity with this type of amplifier. 1 
Many of the broadband amplifier designs 
use push-pull circuitry, which may su- 
press the second harmonic by 50 dB, but 
the third harmonic is suppressed only 12 
dB. 2 

I have selected an elliptic function 
filter design that provides low insertion 
loss, low vswr and attenuation peaks at 
the second and third harmonics. It is 
assumed that a linear amplifier will be 
used in the phone portion of the bands 
but adequate suppression is obtained for 
CW operation too. 

Several listings of normalized filter 
data have been printed and are quite 
simple to use. 3 * 4 Unfortunately, these 
publications are seldom in the average 
amateur's library. The theoretical design 
has been compromised only slightly to 
allow use of standard mica capacitors 
{either compression molded or dipped) 
that can be purchased from Allied, 
Newark or other suppliers. Five-hundred- 
volt capacitors will handle several hun¬ 
dred watts if the vswr of the antenna is 
near unity and are a wise choice unless 
low power and miniaturization is con¬ 
templated. The Micrometals toroidal 
cores listed are readily available from 
Amidon Associates. 
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fig. 1. 160-meter lowpass 
filter. LI is 26 turns num¬ 
ber-18 on Amidon T80-2 
toroid (4.2 flH). L2 is 23 
turns number-18 on Ami¬ 
don T80-2 toroid (3.13 
JUH). Insertion loss is 0.1 
dB over the 160-meter 
band. 
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fig. 2. 80-meter lowpass 
filter. LI is 18 turns num¬ 
ber-16 on an Amidon 
T80-2 toroid (1.9 /iH). L2 
is 16 turns number-16 on 
an Amidon T80-2 toroid 
(1.46 /iH). Insertion loss is 
0.12 dB over the 80-meter 
band. 



1 2 3 4 5 W 2D 30 40 50 100 


fig. 3» 40-meter lowpass 
filter. LI is 10 turns num¬ 
ber-16 on an Amidon 
T80-6 toroid (0.57 jUH). L2 
is 9 turns number-16 on an 
Amidon T80-6 toroid 
(0.41 jUH). Insertion loss 
below 18 MHz is 0.17 dB. 
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fig. 4. 20-meter lowpass 
filter. LI is 10 turns num- 
ber-16 on an Amidon 
T80-6 toroid (0.57/iH). L2 
is 9 turns number-16 on an 
Amidon T80-6 toroid 
(0.41 jUH). insertion loss 
below 18 MHz is 0.17 dB. 
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fig. 5. 15-meter lowpass 
filter. LI is 9 turns num- 
ber-16 on an Amidon 
T80-6 toroid (0.41 JiH). L2 
is 8 turns number-16 on an 
Amidon T80-6 toroid 
(0.27 jUH). Insertion loss 
below 24 MHz is 0.25 dB. 


fig. 6. 10-meter lowpass 
filter. LI is 8 turns num¬ 
ber-16 on an Amidon 
T80-6 toroid (0.33/iH). L2 
is 7 turns number-16 on an 
Amidon T80-6 toroid 
(0.19 jUH). Insertion loss 
below 35 MHz is 0.3 dB. 
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Bathtub cans from old oil-filled capaci¬ 
tors make good cases with BNC or RCA 
Phono connectors soldered in the ends. If 
you are going solid state those old 
1000-volt, oil-filled capacitors won't be 
needed anymore, so salvage the cases. 

Designs and winding information are 
given for the top six amateur bands. The 
response curves were obtained by compu¬ 
ter analysis with actual testbench verifica¬ 
tion of the 80- and 40-meter filters (those 
are the two bands I'm now working). The 
filters perform well without tuning, but a 
little adjustment of the resonant frequen¬ 
cy will help assure 60-dB suppression of 
the second and third harmonics. There 
are several ways to tune the toroidal 
resonators. 5 In all six filters inductor LI 
will resonate at the third harmonic and 
L2 will be resonated at the second har¬ 
monic. 

Please join me in fighting air pollution. 
Keep the bands upstairs clean for the 
other operators! 
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"That's Dave's bad habit!" 
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NEW YAESU FT-101-B 
still $649 

includes new 8-pole fil¬ 
ter, LED indicators on 
the clarifier and external 
vfo switch. 

The selling dealer is respon¬ 
sible for warrenty and service 
on Yaesu equipment. We have 
a factory trained Japanese ser¬ 
vice technician for expert ser- 


vice and quick return. 


FTDX-401 transceiver 

$599 

FL-2100 linear 

$339 

FL-dx-400 transmitter 

$339 

FR-dx-400SD receiver 

$399 

Most items in stock 



FT-101 and FTDX-401 shipping will be 
prepaid in continental U.S.A. on cash 
orders 

No sales tax (except in Nevada) 
Trade-ins wanted 


WILSON ELECTRONICS 

BOX 794 HENDERSON, NEVADA, 89105 

702-451-5791 
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The word instrumentation has a magic 
ring and is something every true amateur 
desires, but usually cost tempers that 
desire. Some years ago, while fighting to 
read a Potter counter which used four 
columns of four lamps each, displaying a 
BCD format, I was sure there must be a 
better way. As transistors mutated to 
integrated circuits and costs plummeted, 
a number glyph was developed that could 
revolutionize numeral concepts. As not 
everyone is interested in the historical 
development of numerals, suffice it to say 
that man has spent several thousand years 
developing and changing his numeric 
glyphs. Now the age of the computer will 
require another change if man and 
machine are ever to communicate direct¬ 
ly. 

invention 

Accepting the fact that digital equip¬ 
ment will never be anything more than 

* Rad-Ex Syntactics, 1043 East Atchison Street, 
Pasadena, California 91104 
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off and on switches relegates them to 
binary operation. Man must learn to use 
these bits of information in an efficient 
manner. My own approach to this binary 
age is to reform the old Potter readout 
lamps by arranging them in illuminated 
bars as follows: 


applied to a door and window forming 
the OR and NOR gates. 

Master these concepts and their ramifi¬ 
cations, and you will be able to follow 
any logic design. One ingredient you must 
apply to all logic is that in the real world 
a finite time must be allowed for signals 


1 I 4 “ 8 “ 

2 I I 5 T 9 X 

3 iii 6 n on 

7 ITT 

Why? These bars are a direct output from 
the decade counter. What has been 
gained? A readily readable symbol, re¬ 
duced cost, simplified circuitry and more 
reliability.* 

logic 

To answer in more detail, some discus¬ 
sion of logic, counters and circuitry is 
necessary. It helps to remember that any 
digital device is just a mass of electrical 
switches. It depends on your own insight 
and knowledge to parallel or series them 



AND NANO 



to produce your desired result. For in¬ 
stance, the door and screen door are AND 
gates. Both must be open for the fly to 
come in. The results can be negative, 
NAND, if somebody is waiting with the 
fly swatter. The same analogy can be 

*U.S. Patent No. 3,671,943. A copy may be 
obtained from the Commissioner of Patents, 
Washington, D.C. 20231 (50 cents money 
order). 


fig. t. Theoretical divtde-by-JO rip pie count - 
er. 

to pass through each logic block. Believe 
me, this is important. Usually, logic cir¬ 
cuits end up in a counter, probably for 
display, or register, a group of binary bits 
which will be processed further. 

The device of most interest to the 
amateur is the ripple counter. Fig. 1 is the 
logic diagram for a ripple counter decade 
unit. This unit should go through the 
binary sequence shown in the accom¬ 
panying table and repeat. 

The old problems of finite time and 
reality interfere and develop into a condi¬ 
tion called critical race. Beware of these 
problems. It's been the downfall of many 
designs. 

What happens is that the reset pulse 
has set all flip-flops to zero but in so 
doing, flip-flop B passes a trigger signal to 
flip-flop C and you find yourself with 
binary 0100. Thus, you spend a few more 
hours devising lockout circuitry so this 
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r 9 RESETS TO !00f 
r q resets TO 0000 


fig. 2. Commercial decade counter. 


can't happen (see fig. 2, a commercial 
decade counter). Now that your counter 
is designed, you will need an indicator to 
communicate the binary number it holds. 

About 30 years ago Potter built one of 
the first counters which, with four neon 
lamps per decade, displayed the state of 
each flip-flop. Each lamp was weighted 1, 
2, 4 or 8 and you simply added the 
values, or, to be more precise, you learn¬ 
ed binary equivalents for Hindu-Arabic 
numbers. 

Engineers soon mastered the art of 
using gates. From then on it didn't take 
too much time to build decoding logic 
which could combine the counter outputs 
and light individual one-of-ten lamps such 
as the Nixie tube. Finally, the ten outputs 
were combined into a diode matrix to 
illuminate a 7-segment numeral (see fig. 
3). 

Rad-Ex began a search for a readout 
display which could be connected direct¬ 
ly to a counter and would convey a 
feeling of quantity. The Rad-Ex numerals 
fit this concept perfectly and in surprising 
ways open up several interesting possibili¬ 
ties such as handwritten machine readable 
characters, and a new way to teach 
arithmetic. 


technical 

Electronically, the basic counter is 
different and more simple than present 
decade counters, has no critical race 

RAD-EX RIPPLE COUNTER WITH BCD OUTPUT 



fig. 4, Rad-Ex System, decade counter to 
readout. 
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RiPPLE COUNTER WITH BCD OUTPUT 



paths, while almost doubling the counting 
rate and automatically suppressing lead¬ 
ing zeros. Fig, 4 shows the circuit; its 
truth table is below: 


D C B 

0 0 0 

0 0 0 

0 0 1 

0 0 1 

0 10 

0 10 

Oil 
Oil 
10 0 

10 0 

1 0 1 

10 1 

0 0 0 


A 

0 state Before 
Count Begins 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 AND to Reset 
1 


At first the truth table seems to 
indicate two zeros, but the fact is that 


binary 0000 is a true starting point where 
no count exists. It is also a unique way of 
suppressing leading zeros. Once the 
counter starts, binary 1010 becomes the 
systems designated zero. (For many rea¬ 
sons it is handy to have a binary designa¬ 
tion for zero; for instance, on a punch 
tape a blank space is ambiguous.) Elec¬ 
tronically, good things happen too. Cir- 
cuitwise, the first flip-flop is independent 
and needs no clear signal when counting. 
Thus critical races are eliminated, allow¬ 
ing the use of a simple 3-input NAND 
gate to reset the counter for each decade 
count. 

For readout purposes, with one excep¬ 
tion, the lamps are tied through lamp 
drivers directly to the flip-flops. The one 
exception is the case where binary 1000 
also illuminates the lamp associated with 
flip-flop C. 
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+ 3600 


7493 


fig. 5. Twenty-four hour clock using Rad-Ex readouts. 


application 

The use of the Rad-Ex system can best 
be illustrated in a 24-hour clock where 
mixed counting is necessary. Fig. 5 is the 
logic diagram for the clock and should be 
used as reference in the following se¬ 
quence of operation: 60 Hz is fed to a 
one-shot multivibrator, U1, simply to 
eliminate false triggering. The output 
from U1 triggers a chain of 7493 flip- 
flops U2, U6, U7, which are used as a 
ripple counter to divide incoming pulses 
by 3600 {1110, 0001,0000). 

All that is required for this operation 
is to detect the four binary ones and use a 
4-input gate, U5, to reset U6 and U7 <U2 
is already at 0000). The resulting one- 
minute pulses are fed to the first decade 
counter which displays zero to 9 minutes. 


As the transition from binary 1001 to 
1010 occurs, a pulse passes to a divide- 
by-6 counter. Again, the non-conven- 
tional system works to the advantage of 
simplicity. The truth table shows how the 
Rad-Ex numbers zero through 6 are 
energized. 

C B A 

0 0 1 

0 10 
Oil 
10 0 
10 1 
110 

111 AND to Resets B &. C 
0 0 1 

The 24-hour portion of the clock uses 
the standard Rad-Ex decade counter plus 
a counter to keep track of the hours. 
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Essentially, the decade counter acts the 
same as the minute decade with the 
exception that the suppressed leading 
zero feature may be observed. The binary 
numbers 10 (2) and 0100 (4) are com¬ 
bined in a NAND gate, U8, to reset both 
decade and modulo-4 counters to binary 


A check of the cost of ICs for this unit 
amounts to $9.85. ICs for a comparable 
clock designed to use 7-segment readouts 
cost about $14.00. A set of Rad-Ex 
readouts costs $4.75; the 7-segment read¬ 
outs and four decode units cost about 
$15.00. 


vertical channel 


SCAN 





\ 
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\ 
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\ 



fig. 6. Rad-Ex optical reader device. 


(00) (0000). Thus, until the first hour is 
reached only the minute display is illumi¬ 
nated. 

The sharp eye may spot two NAND 
gates, part of U3A and U8B, which don't 
seem quite right. Here you must juggle 
your logic thinking for in the case of the 
NAND gate, I say, "If bothjnputs A and 
B (A*B) are high, Y is low (Y)." 



You may look at this in a different way 
and say, "If A or B (A+B) is low, (A+B), 
Y is high. 



These two NAND gates are used in a 
NOR sense, U8B is used to clear the 
decade counter whenever the count of 
ten or 24 is present. Gate U3A is used to 
allow a fast or semi-fast setting of the 
clock. 


future 

As mentioned earlier, this is a symbol 
that can be handwritten and machine 
read. Fig. 6 is a block diagram showing a 
method of scanning the numeral to set up 
a BCD character. The number is scanned 
horizontally to pick up ones and vertical¬ 
ly to pick up fours. These outputs are 
combined in a shift register which on 
command transmits the BCD word. 

Hopefully, this article will inspire ex¬ 
perimenters, hobbyests, and professionals 
to become involved in the man-machine 
communication problem. At present, 
there is a growing need for man to com¬ 
municate through handwritten glyphs di¬ 
rectly to computers, with bank drafts and 
zip codes being prime examples. There is 
also need to simplify instrumentation so 
that digital voltmeters, frequency count¬ 
ers, etc. can talk more directly and less 
expensively to you. Rad-Ex Syntactics 
feels we have brought these goals closer 
to realization. 

ham radio 
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new fets 


simplify 
bias problems 


The operating 
characteristics of 
several new 
field-effect transistor 
families simplify 
proper biasing 


Many circuits in the amateur literature 
specify the Motorola MPF102 fet. The 
Texas Instruments 2N3819 and the Sili- 
conix U183 have essentially identical data 
sheets to that of the MPF102. The 
trouble with all three of these devices is 
the 10-to-l spread of l DSS (2-20 mA) 
which makes bias point and performance 
somewhat unpredictable. l D ss ls the 
drain current when zero bias is applied 
between the gate and source terminals of 
the fet. 
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bias problem 

The circuit shown in fig. 1 is a typical 
fet biasing arrangement. The gate of the 
fet is held at ground potential (zero volts) 
by resistor, R g , and the voltage drop 
across the source resistor, R s , biases the 
source terminal to some voltage above 
ground. Thus, the gate is biased negative 
with respect to the source. The value of 
the gate-to-source bias is equal to the 
product of the drain current, l D , in mA, 
and the source resistor, R s , in kilohms. If 
R s is 2000 ohms and Id is 1.5 mA, the 
voltage across R s is 3 volts. The gate is 
thus biased 3 volts more negative than the 
source. 

Fig. 2 shows how drain current varies 
versus gate-to-source voltage for an fet 
whose l DSS is 20 mA. This fet could be 
an MPF102, a 2N3819 or a U183. A 
straight line is drawn through the origin 
which represents a source resistor, R s , 
having a resistance of 1000 ohms. Notice 
that a change of one volt along this line 



fig. 1< Typical field-effect transistor biasing 
arrangement. 


50 [Q march 1974 




results in a change in current of 1 mA, 
indicating a resistance of 1000 ohms. 

The point where the straight line 
intersects the curve gives the values of 
drain current and gate-to-source voltage. 
In this case the drain current is about 3.7 
mA, and the gate-to-source voltage (drop 
across R s ) is about 3.7 volts. Fig. 3 shows 
how the situation is changed if the fet is 
replaced by one having a value of l DSS 
equal to 2 mA. The drain current is now 
0.48 mA, and the gate-to-source voltage is 
0.48 volt. This shows that the drain 
current of an MPF102, 2IM3819 or U183 
may be anywhere from 0.48 mA to 3.7 
mA when a 1000-ohm source bias resistor 
is used. 




fig. 3. Typical fet drain current vs gate bias 
characteristic for loss = 2 

But if a 10k resistor is used for R D , and a 
2N3819 with loss equal to 20 mA is 
plugged into the circuit, the drain current 
will try to be 3.7 mA, which would 
produce a 37 volt drop across R D . Ob¬ 
viously this is impossible with a 15-volt 
supply, so the fet simply saturates, and 
linear amplification is not possible. If, on 
the other hand, R D is chosen so that it 
has a 5-volt drop when the current 
through it is 3.7 mA (l DSS equal to 20 
mA), its value would be 

Ro = 1-35k ohms 


fig. 2. Typical fet drain current vs gate bias 
characteristic for IqsS = 20 rnA. 

With such a wide range of possible 
drain current, it is impossible to choose 
an efficient drain load that would be 
suitable for all fets of these types. As an 
example, suppose a 2N3819 is to be used 
in a resistance-coupled audio amplifier 
stage such as shown in fig. 4. Under 
no-signal conditions, it is desired that the 
dc drain voltage be 10 volts. This means 
there must be a 5-volt drop across the 
drain resistor, R D . If a 2N3819 is used 
which has an loss °f 2 mA, the drain 
current will be 0.48 mA, and the value of 
R d should be 


If this value of resistor is used with an fet 



r °-!«Sa- ia4kohms 


fig. 4. Simple audio amplifier circuit using a 
2N3819 fet. 
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having an l D ss °f 2 mA, the drop across 
it will be only 

(0.48 mA) (1.35k) = 0.65 volt 

The problems involved in biasing fets 
with large l DSS spreads should now be 
quite apparent. 

new fets give relief 

One way to get around this biasing 
problem is to take a large number of fets 
and sort them into groups, each group 
having a relatively narrow loss range. 
Fortunately, manufacturers are now 
doing this. Texas Instruments has taken 
the 2N3819 and broken it into five fet 
types, each of which has an l DS s spread 
of 2 to 1 or less. These fets, which have a 
different pin configuration than the 
2N3819 are listed in table 1. All of these 

table 1. List of 2N3819»type fets with small 
IqSS spreads. 


fet type 

•dss 

2N5949 

12-18 mA 

2N5950 

10-15 mA 

2N5951 

7-13 mA 

2N5952 

4-8 mA 

2N5953 

2,5-5 mA 


fets are priced under a dollar in small 
quantities, and they should be available 
from any of the larger electronic whole¬ 
salers which stock Tl semiconductors. 

Fig. 5 shows how the drain current of 
a 2N5953 would be in the range of 0.7 to 
1.1 mA if its source bias resistor is 1000 



fi9. G. Audio amplifier circuit using a 
2N5953 fet. 



GATE - TO SOURCE (VOLTS) 

fig. 5. Typical drain current vs gate bias 
characteristic for Texas Instruments 2NS953 
fet. 

ohms. The drain current could be said to 
be 0.9 mA, ± 0.2 mA for all 2N5953 fets 
used with a 1000-ohm source bias re¬ 
sistor. Fig. 6 shows a practical fet audio 
amplifier circuit using the 2N5953. Volt¬ 
age gain is typically around 10, and any 
2N5953 used in this circuit will be 
reasonably well biased. 

The Motorola 2N5484 series, priced at 
about a dollar each, have l DSS spreads of 
5 to 1 and 2.5 to 1. 

fet type •DSS 

2N5484 1-5 mA 

2N5485 4-10 mA 

2N5486 8-20 mA 

This isn't as good as the Tl 2N5949 
series, but is considerably better than the 
MPF102 types. 

conclusion 

The newer fets, having lower l D ss 
spreads, allow the use of simple bias 
arrangements to arrive at reproducible 
circuits. The cost of these devices is not 
much higher than the older types having 
wide loss spreads. Thus, fets may be 
applied with greater ease to a wide variety 
of circuit applications, and the high input 
impedance of fets may be taken advan¬ 
tage of without the penalty of unpre¬ 
dictable bias conditions. 
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log-periodic antennas 

Dear HR: 

Last December the Cyprus Govern¬ 
ment issued me a ham ticket. Then I 
began a mad scramble, looking for a 
source of commercial beam antennas. I 
quickly found that all antennas cost at 
least double the retail prices in the United 
States. Considering the cost of a beam, 
tower and rotator, it was very discour¬ 
aging. Next, I searched for material for 
building my own beam. Aluminum is 
practically unobtainable here, and PVC 
tubing was out because the available 
material is too thin and flexible. 

The log-periodic antenna article by 
W4AEO in the September, 1972, issue of 
ham radio provided the answer. It was the 
only antenna I could find parts for and 
the design had sufficient gain to consider 
working the United States (as noted by 
myself and others, most of the signals 
from the States on 20 meters average 
20-dB less here than reported by stations 
located in continental Europe). 

Putting the log periodic together was 
much faster than I imagined, but a vswr 
of 4:1 when fed with 50-ohm coax was a 
puzzle until a check with a noise bridge 
indicated the input impedance was 200 
ohms. I wound a 4:1 balun and maximum 
vswr on 15 and 20 meters is now 1.2:1. 
On-the-air reports indicate at least 8-dB 
gain. I'm running a Collins KWM-2 bare- 
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foot, but many old timers accuse me of 
using at least a kilowatt. 

It goes without saying that W4AEO's 
log periodic, while requiring some 
acreage, provides considerable gain and 
solves the parts and money problem. Due 
to W4AEO's article, a number of us in 
Nicosia are building other log periodics. 
We are discovering that the surface has 
only been barely scratched, and amateurs 
still have plenty of elbow room to in¬ 
corporate their own innovations. 

Stan Whiteman, 5B4AO/W1MDZ 
Nicosia, Cyprus 

reciprocating detector 

Dear HR: 

I have received several letters regarding 
my "reciprocating detector" article which 
appeared in the March, 1972, issue of 
ham radio. Transistor Q5 is part of the 
reciprocating detector switch, but the 
questions are understandable due to the 
lack of a dot to show a connection in the 
schematic; resistors R4 and R 5 should be 
joined with a dot where these two re¬ 
sistors form a junction point at the input 
to the diode and the base of Q5. The 
diode is a 1N252. 

Several readers have also asked where 
the selectivity curve is 500-Hz wide and 
what is its slope. The filter I used was 
designed to have its 500-kHz passband at 
the 3-dB points on a slope which is not 
particularly steep for an inductive filter. 
Indeed, at 500 Hz, the L3 inductance is 
very loosely coupled to the other two 
sections of the transformer. The bandpass 
formula (f./Q Q ) indicates that the band¬ 
pass of the filter is actually narrower than 



500 Hz — in fact, bandpass is closer to 
250 Hz. The 390-ohm resistor used in 
series with one of the differential inputs 
loads the thing down so it is broader. If 
the bandpass is too narrow, poor lock-in 
range is experienced on a-m, and there is 
very poor "presence” in the quality of ssb 
signals. If the bandpass is too wide, poor 
impulse rejection will result. 

Stirling M. Olberg, W1SNN 
Waltham, Massachusetts 

vhf fm in the 
United Kingdom 

Dear HR: 

Fm channel operation in the United 
Kingdom is now going strong, thanks to 
the imported black boxes and new regula¬ 
tions permitting 12.5-kHz deviation 
(there are lots of 25-kHz mobile equipment 
around, made by Pye and Storno). We 
now have one repeater working north of 
London in Hertfordshire. The callsign is 
GB3PI with input at 145.15 MHz and 
output at 145.75 MHz (600-kHz spacing). 
This repeater just covers outer N. 
London. 

Our Radio Society of Great Britain 
now has at least five applications for 
repeaters, and our group, the UK FM 
Group (Southern), hopes to be able to 
put a repeater in Hampshire (one of five). 
Coverage of this repeater should be from 
Southampton to the edge of southwest 
London. 

John Akam, G8BIH 
Wooteys, Alton, Hants 

finding square roots 

Dear HR: 

The technique for computing square 
roots described in the ham notebook by 
K9DHD in the September, 1973, issue 
can be extended to increased accuracy by 
carrying out further iterations. For 
example, if one uses the first approxima¬ 
tion of the square root of 54 obtained as 
the next estimate and recomputes, an 
answer of 7.348469 is obtained; this 


closely approximates the 7.348692 pro¬ 
vided by the square root key on my 
calculator. 

As another example, my calculator 
gives the square root of 75 as 8.660254. 
Using the Mechanic's Rule, first iteration 
results in an answer of 8.6875; the second 
then becomes 8.6602965, and the third 
the desired 8.660254 whose square is 
74.999999. These answers were obtained 
using the very crude first estimate of 8. 

Fred R. Scalf, Jr., K4EID 
Springfield, Virginia 

Dear HR: 

I would like to add a note to the short 
article on finding square roots which 
appeared in the September, 1973, issue of 
ham radio. 

In that article K9DHD gave a pro¬ 
cedure for estimating the square root of 
any number. By a simple extension, 
arbitrary roots of any number can be 
determined with a little work and a 
hand-held digital calculator. To find the 
nth root of any number P, estimate the 
root, X , and use the following formula 


where X 1 is the desired root. For the case 
of a square root, n = 2, this formula is the 
same as that presented by K9DHD. Fora 
cube root, n = 3, and the formula is 

X = —(2X + —~~ ) 

1 3 Xq 

For example, to find the cube root of 30, 
first estimate the cube root (about 3.1). 
Then 

X, = J- I (2x3.1) + = 3.107 

1 3 L 3. 1 2 J 

This is very close to the accepted, approx¬ 
imate, cube root of 30, 3.1072. Of 
course, the closer your initial estimate, 
the closer the answer will be to the exact 
value. With a little patience, this formula 
will do great service to anyone making 
use of it. 

Stephen R. Alpert, W1GGN 
Auburn, Massachusetts 
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surplus thumbwheel 
switch modification 


At this year's Rochester Hamfest I 
picked up at a bargain price an assembly 
of thumbwheel switches made for Fair- 
child consisting of 20 Digiswitch C units. 
I needed these to complete my frequency 
synthesizer.* I took a chance on these 
switches in spite of the fact that the 
connector terminals plainly showed they 
were coded 1 2 4 2' (the last number is 
read, ''two prime'') and not the 12 4 8 
BCD called for in most synthesizers. I 
took this calculated risk since, first, I am 
a cheapskate and the price was too good 
to resist, and second, I hoped to convert 
the switching to the required coding. 

I am happy to say that I was successful 
in converting the switches to the desired 
coding, and I offer the following for 
other bargain hunters since these switches 
appear to be in plentiful supply and will 
probably be showing up on the surplus 



? 

fig. 1. First step in the modification is removal 
of two thin sections of conducting material on 
the wiper side of the switch. 
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market. Since the old 1242' code is passe 
now, these switches can be purchased for 
one-tenth of their original cost. The time 
required to rework each switch amounts 
to 7 to 10 minutes, so one evening's work 
can yield all the switches necessary for a 
two-frequency synthesizer. 

These switches can be identified by 
placing a single unit so the thumbwheel 
number is right side up and facing to the 



fig. 2. On the reverse side of the switch remove 
the sections indicated and install the three 
Jumpers. 

right. The edge connector coming out the 
back then indicates, from bottom to top, 
335-1, which I presume is the model 
number, C (common), and 1 2 4 2'. To 
modify the switch, remove the PC board 
from the case and set it on the bench so 
the inside is facing upwards, and the gap 
is oriented at 9 or 10 o'clock. Using an 
Xacto knife, remove a thin sliver of the 
conducting material from the second and 
third contacts from the center as shown 
in fig. 1. The cut edges should be bevelled 
so the moving contact can slide up and 
over easily. 

At the same time, remove the 2' 
designation and scratch in an 8 in its 
place. Turn the PC board over and, 
referring to fig. 2, cut away all the 
conducting material indicated by the 
crosshatch. From a small length of ap¬ 
proximately no. 22 stranded wire use a 
single strand to solder in the three jump- 





ers where shown. Be sure the solder 
doesn't lump up since these switches have 
minimal clearance between units when 
stacked. For best results use a small 
soldering iron. 

table 1. With an ohmmeter connected between 
the common and pins 1,2, 4 and 8, respectively, 
of the modified Digiswitch, you should obtain 
the following readings. 


mber 

1 

2 

4 

8 

0 

open 

open 

open 

open 

1 

short 

open 

open 

open 

2 

open 

short 

open 

open 

3 

short 

short 

open 

open 

4 

open 

open 

short 

open 

5 

short 

open 

short 

open 

6 

open 

short 

short 

open 

7 

short 

short 

short 

open 

8 

open 

open 

open 

short 

9 

short 

open 

open 

short 


When you are finished, put the two 
parts together and check out the switch¬ 
ing sequence to make sure it agrees with 
table 1. Use an ohmmeter, one lead on C 
and the other lead on 1 2 4 and 8, 
respectively, to make sure the BCD se¬ 
quence is correct. 

Geo. Hrischenko, VE3DGX 

reference 

1. A.D. Helfrick, K2BLA, "High-Frequency 
Frequency Synthesizer," ham radio, October, 
1972, page 16. 

cutting a minibox 
down to size 

Although several sizes of metal boxes 
and chassis are available to experimenters, 
sometimes the nearest size for your pro¬ 
ject is a little too large. It is not difficult 
to reduce the height of a two-piece metal 
box. One-half of the box is the top and 
two ends; the other half is the bottom 
and two sides. 

From the first piece cut down the ends 
to the desired height. On the other piece 
cut down the sides to the same height. 
The result is a Minibox that fits and looks 
as good as the original, but which has 
less height. 

I. Queen, W20UX 


finding the 
focal length of 
surplus microwave 
dish antennas 

The focal length of most parabolic 
dish antennas can be determined with 
two simple measurements, the diameter 
and the depth as shown in fig. 3. The 
antenna's surface can be described by 

Y 2 = 4Px 

where P represents the distance from the 
vertex to the focal point. The equation is 
that of a parabola with its vertex at x = 0, 
Y = 0. The curve is symmetric about the 
x-axis and opens to the plus-x direction. 
The coordinates of one point other than 
the vertex are needed to determine the 



fig, 3. Cross-section of a typical microwave dish 
antenna. Equation for finding the focal point is 
given in the text. 

curve. The edge of the antenna is a 
convenient point. The diameter is equal 
to 2Y and the depth is equal to x. Solving 
for the focal length P 

^ diameter p 

P = ^i 2 

4x 4 (depth) 

or p = _!_ (diameter) 2 
16 depth 

The units of P are the same as those used 
to measure the depth and diameter. This 
method also works for orange-peel or 
segment dishes, but cannot be applied 
directly to off-center-feed dish antennas. 

John M. Franke, WA4WDL 
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Linear Systems has announced the 
introduction of a new amateur transceiver 
for use on the 6-meter band. The trans¬ 
ceiver, known as the SB-50, is com¬ 
pletely solid-state and weighs only 7 
pounds. The SB-50 is synthesized with 
variable frequency control of both re¬ 
ceiver and transmitter with separate re¬ 
ceiver incremental tuning control. It 
covers the band from 50.05 to 50.28 
MHz. The new transceiver should be 
especially useful for mobile installations 
since it contains a very effective noise 
limiter. 

The SB-50 is rated at 20-watts PEP 
input and 8-watts a-m. Receiver sensi¬ 
tivity is less than 0.5 microvolt for 10-dB 
S + N/N and selectivity of 20 dB at 3 kHz 
and 60 dB at 6 kHz. Additional features 
include a lighted S-meter which indicates 
receive signal strength as well as power 


output in both the ssb and a-m mode, 
separately adjustable receiver incremental 
tuning and an external speaker connec¬ 
tion. The transceiver comes equipped 
with push-to-talk dynamic microphone 
and mobile mounting bracket. 

For further information regarding the 
new SBE SB-50 6-meter transceiver, write 
to Linear Systems, Inc., 220 Airport 
Boulevard, Watsonville, California 95076, 
or use check-off on page 94. 

two-meter converter 

Janel Labs has announced a new 
crystal-controlled two-meter converter 
that combines an impressive list of per¬ 
formance features with a low selling 
price. This new converter, the 144CC, 
rounds out the Janel line that already 
includes the deluxe 144CA high per¬ 
formance two-meter converter. Other 
products include converters for 50, 220 
and 432 MHz as well as a complete line of 
receiving preamps. 

The new 144-MHz converter uses 
gate-protected dual-gate mosfets to pro¬ 
vide high sensitivity while avoiding seri¬ 
ous overload effects. The carefully design¬ 
ed circuit allows full utilization of the 
mosfet sensitivity with one rf amplifier. 
This is of great help in preventing cross¬ 
modulation overload by keeping the sig¬ 
nal level low at the mixer. It allows 
reception of signals with 15 to 20 dB 
greater strength than is possible for con¬ 
verters wtih two rf stages. 

The converter is virtually free from 
birdies due to the use of a seventh 
overtone crystal oscillator. This high over¬ 
tone oscillator eliminates the need for 
frequency multipliers. This feature, stan¬ 
dard in all Janel converters, is very 
effective in reducing suprious responses. 
Three tuned circuits between the rf am¬ 
plifier and the mixer complete the de¬ 
fense against spurious responses. 


58 BS march 1974 


More Details? CHECK-OFF Page 94 


An attractive, metallic green, die-cast 
cabinet is used with this compact con¬ 
verter. BNC connectors are provided on 
the back panel for input and output. A 
power connector for 12 Vdc is also 
provided. Gain is 20 dB and noise figure 
is 3 to 5 dB. Converters are available for 
i-f frequencies of 26-30 MHz or 28-32 
MHz. The units, completely guaranteed, 
are priced at an economical $49.95, 
postpaid. Order from Janel Laboratories, 
Box 112, Succasunna, New Jersey 07876. 
For more information, use check-off on 
page 94. 

general-purpose 

op-amps 


Teledyne Semiconductor has intro¬ 
duced a low cost, general purpose opera¬ 
tional amplifier series, LM 141/142, 
which fills the performance gap between 
the 741 and 108 type op amps. Improved 
electrical characteristics of the new series 
include an increased slew rate of 2V/jUs 
providing full output voltage swing 
through the audio frequency range and 
reduced input bias current of 30 mA 
maximum and 5 mA input offset current 
maximum. 

The LM 141 series is fully compen¬ 
sated internally and is compatible with 
existing circuit designs using the popular 
741, 107 and 1556. The uncompensated 
LM 142 series is a replacement for 101A, 
748 and 777 applications and approaches 
the input performance of the 108 series 
amplifiers at a significant price reduction. 
The LM 141/142 is expected to fit 
applications where the 741 falls short on 
speed and impedance performance. They 
have excellent characteristics for sample 



All Mobile Antennas are NOT alike. 

Kulrod 

let you j_ 

■ ■■■ JB | ■ 1 || | 

IILi««IV IIIC Ull IvICIIIfvi 


Mobile Antennas should be judged on the 
basis of ruggedness, ease of installation 
and performance . . . mostly performance. 
Larsen Kulrod Antennas are "solid" on all 
scores. They have a low, low silhouette for 
best appearance and minimum wind drag. 
Hi-impact epoxy base construction assures 
rugged long life. The Larsen mount gives 
you metal to metal contact, has only 3 
simple parts and goes on fast and easily. 

And performance! Larsen Antennas for 
the 144*148 MHz range deliver a full 3 db 
gain over a 1/4 wave whip. V.S.W.R. is less 
than 1.3 to 1. The exclusive Larsen Kulrod 
assures you no loss of RF through heat. 
Handles full 150 watts. 

it all adds up to superior performance .. 
just one of many reasons why Larsen An¬ 
tennas are the fastest growing line in the 
commercial field in both the U.S.and Cana¬ 
da. Available as antennas only or complete 
with mounting hardware coax and plug. 
Write today for fact sheet and prices. 


Soid with a full money back guarantee. 
You hear better or it costs you nothing 1 


Need a BETTER 450 MHz Antenna? 

Get the Larsen 5 db gain Phased Collinear. 
Same rugged construction and reliability 
as the 2 meter Larsen Antennas including 
exclusive Kulrod. Write for full fact sheet. 


/// \W 

l!f . ^ 


®Kulrod . . . 

a trademark of Larsen Electronics 


^Larsen Antennas 

1161 N .E. 50th Ave. • Vancouver, WA 98665 
Phone: 206/695-5383 
For fastest mail service address: 

P.O. Box 1686 - Vancouver, WA 98663 
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5 Channel, Narrow Band 


2.2 watt FM Transceiver 


This light weight, “take anywhere” 
transceiver has the “Regency-type" 
interior componentery to give you 
what others are looking for in 
portable communications. You get a 
heavyweight 2.2 watt signal ... or if 
you want, flip the HI/LO switch to 
1 watt and the receiver gives you 
0.7 uv sensitivity and 0.5 watts 
audio. Both transmitter and receiver 
employ band-pass circuitry so that 
power and sensitivity are maintained 
across the entire band. Get one 
togo only §j^Q00 



Amateur Net 


^^ELECTRONICS, INC. 

7707 Records Street 
Indianapolis, Indiana 46226 


An FM Model For Every Purpose . . . 


Every Purse 



HR-2MS HR-212 AR 2 

8 Channel Transcan 12 Channel-20 Walt 2 Meter FM 
2 Meter FM Transceiver 2 Meter FM Transceiver Power Amplifier 


and hold circuits, long interval inte¬ 
grates, timers and active filter through 
the audio frequency range. Each amplifier 
meets all of the standard electrical char¬ 
acteristics and also includes the con¬ 
venience features of short circuits and 
latch up protection found in other 
general-purpose amplifiers. 

Teledyne Semiconductor will provide 
a free sample of the LM 141/142 to 
qualified engineers who respond on com¬ 
pany letterhead with information on 
intended application. For more informa¬ 
tion, write to Teledyne Semiconductor, 
1300 Terra Bella Avenue, Mountain 
View, California 94040, or use check-off 
on page 94. 

base-station 
power supply 



E&L Instruments has developed a new 
power supply designed primarily for ham 
radio enthusiasts. The unit, called the 
PW-4, produces enough power to operate 
both an fm transceiver and an amplifier 
simultaneously. The new PW-4 uses 
110-120 volt ac input power, and pro¬ 
duces a rated output of 13 volts dc at 10 
amps, 1C regulated to ±3%. This increased 
power capability means that amateurs 
with mobile units in their cars may take 
them into homes for use at night. The 
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PW-4 features a modern cabinet design, 
current limiting and reliable heavy-duty 
components. 

It can be used with most 12 to 13-volt 
dc transceivers, together with 50 to 
60-watt amplifiers. The PW-4 is available 
direct from the factory, or from local 
distributors, at$84.95. For more informa¬ 
tion contact E&L Instruments, Inc., 61 
First Street, Derby, Connecticut 06418, 
or use check-off on page 94. 

programmable 
voltage regulator 



A 100-watt hybrid silicon voltage regu¬ 
lator capable of line regulation of 0.10 
percent and load regulation of 0.15 per¬ 
cent has been introduced by Motorola. 
The new MPC1000 is a 10-ampere posi¬ 
tive or negative series voltage regulator 
capable of operating with input voltages 
as high as 60-volts. Output voltage can be 
adjusted from 2 to 35-volts. 

Output currents of 10-amperes are 
easily obtained from the MPC1000 with¬ 
out external pass transistors; however, 
circuits using external pass transistors can 
expand the capability of the regulator to 
handle currents in excess of 50-amperes. 
Current limiting protection also has been 
built-in to protect the regulator from 
excessive surge currents. 

The price for the MPC1000 in a 9-pin, 
metal TO-3 package is $14.95 in single 
unit quantities. For more information 
contact the Technical Information Cen¬ 
ter, Motorola Inc., Semiconductor Pro¬ 
ducts Division, P.O. Box 20924, Phoenix, 
Arizona 85036, or use check-off on page 
94. 


c^HR-2B gives 
a lot to talk over 



Amencan Made Quality at Import Price 


Full 12 Channel, 15 Watts 
with HI/LO power switch 

Here is everything you need, at a price 
you like, for excellent 2 meter FM 
performance. The 12 transmit channels 
have individual trimmer capacitors 
for optimum workability in point- 
to-point repeater applications. 
Operate on 15 watts (minimum) 
or switch to 1 watt. 0.35 uv sensitivity 
and 3 watts of audio output 
make for pleasant, reliable listening. 
And the compact package is 

*229 

Amateur Net 

electron ics, inc. 

7707 Records Street 
Indianapolis, Indiana 46226 



An FM Model For Every Purpose . . . 
Every Purse 



HR 6 

12 Channel-25 Wall 
6 Meier FM Transceiver 



HR 220 ACT 10 HH/U 

12 Channels-10 Walls 3 Band 10 Charnel FM 
220 MH? TM Transceiver Scanner Receiver 
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NURMI ELECTRONIC SUPPLY 

Deoattmertt 16 

1727 Donna Road • West Palm Beach, Florida 33401 
PHONE - (305) 686 8553 


HEPT70'b 

THE * 00 EVERYTHING** 

2% AMP, 1000 VOLT DIODE 

Motorola is catching up on the backlog and wo ve got thousands 
ol them hack rn stock 10/43 00 - 100'$25 00 

< 40 B 73 'S 

THE MOST POPULAR DUAL GATE PROTECTED MOS FET 

around Good to over 400 MHZ. We got'm and you gnt'em lor 
only 5/56,00 




RG-I74/U 

WE WENT THROUGH 20 MILES OF IT LAST TIME) 

Wo an? authorised Bolden Distributors and new shipments have 
come in Irom ttus factory Split » 500’ spool with a friend and 

SilVU $$$$$ 

BELDEN NO. 8216 100 54 95 5007418 40 

RF POWER TRANSISTORS 

We did it again - All brand new with standard 
mat kings and most wore manufactured this year 
A major manufacturer dropped his RF power fine 
ami we bought his inventory 


2N5583 

3 Watts Out 

4 350 




Turn 0 

10 Waits Out 

6 CO 

2NGD8? 

25 Watts Out 

10 00 

2N6591 

25 Watts Out 

12.00 

2 mm 

30 Watts Out 

1200 

2N608Q 

4 Watts Out 

SCO 

2m 084 

40 Waits Out 

15 OO 


All a to Silicon NPN and power output ratings are good to 
175 MHZ. Hurry! Some quantities are limited 



KEYSTONE PERF 
BOARD 

G 10 Glass Epoxy 
Perl Board 3 64 Thick 

UNCLAD » 



COPPER CLAD ONE SIDE 


No 

Silo tin 1 

Price 

4229 

2*4 y, 

i (& 

4730 

2.6 

1 09 

4231 

4 H » 6 

1.56 

423? 

17 « 6 

5.75 


No 

Stie lin.) 

Price 

4238 

2.4 Y, 

J! 35 

4239 

2.6 

1 85 

4240 

4H ■ 6 

320 

4241 

17.6 

6 70 


PUSH-IN TERMINALS For .042 DIA. HOLES 



C*t No 1«9&n&0)C 
MATERIAL 008 thick 

(UHvlItum Cop (Mir 

UNISH Fu*«l Tin Pbu 



Tins terminal t% easily preu fit into a 
CM? ski hoks without suiting or the 
base may he ftarmt for permanent m 
«la8at*ora MrsVfy dmqnrtl tor use 
*n micro a> cuit ry to vupfWKt cumpo- 
rwtms when space » at a premium 



fnt«mc>n Tool Cat No 1122 


PROTOTYPE KIT 


An essential "Do tt Yourself” building block 
lor experimental or production runs 


Fo* eorattucfM*) of 1/16" and 3**32“ thek trumiul hoards This i% the least 
expensive way to purchase a comptete assortment of basic materials and 
staking tools needed Ideal for experimental or short production runs 
SAVE COSTLY TOOLING AND SETUP CHARGES Kit consuls of 1 16* 
and 3 37‘ hakefite Wank and prepunched boatds Assort merit of hardware 
such m eyeteis, terminals, brackets, bustling? amt push in terminal?* A 
complete terminal Makmy hx* kit find instructions 



-WE GUARANTEE WHAT WE SELL!!!!- 

We ship UPS whenever possahk? Give street adding Include enough tor 
postage. excess refunded in cash. Florida t (rodent* include 4% Tax 


slinky dipole antenna 

The Slinky Dipole is a new Amateur 
antenna which combines good perform¬ 
ance with practical size and the ability to 
erect or disassemble in a minimum time. 
It requires no matching network for low 
vswr operation in 50-ohm systems, and 
can be installed indoors in an attic or 
crawl space with 25- and 70-feet of 
available length. 

The Slinky Dipole operates at 80, 40 
and 20 meters and comes in kit form, 
including a balun, center insulator, 50- 
feet of RG-58/U coaxial feedline, a 
PL259 connector and a pair of specially 
made Slinky helical spring conductors. 
Assembly of the antenna from the kit 
components takes about one-half hour, 
and the initial setup from the completed 
kit to an operating antenna can be accom¬ 
plished in another 30 to 60 minutes, 
depending on the particular installation. 

The performance of the antenna is as 
good as that of a full-size dipole. The 
power capacity of the antenna is 1000 
watts CW (2000 watts PEP on ssb), and 
the vswr is typically less than 2.5:1 over 
the full 80/75-meter band and less than 
1.8:1 over the full 40- and 20-meter 
bands. 

The antenna is very versatile. As op¬ 
posed to normal dipole antennas which 
only operate at discrete lengths, the 
Slinky Dipole will perform for any avail¬ 
able length between 24' and 70' on 80/75 
meters, between 12' and 35' on 40 
meters, and between 18' and 6' on 20 
meters. The antenna will also work in an 
apartment house, provided that the steel 
supports used in the construction are 
more than 150-feet apart for 75-meter 
operation (75-feet apart for 40-meter 
operation), and that the walls are essen¬ 
tially non-conducting. 

The price for the complete antenna kit 
is $24.95, including all accessories, or 
$14.95 for the special Slinky coils alone. 
Include $1.00 for shipping. For more 
information, write to Teletron Data Cor¬ 
poration, 2950 Veterans Memorial High¬ 
way, Bohemia, L.I., New York 11716, or 
use check-off on page 94. 
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SINGER « 


S|§Mrjj 

ili-v' “ 


Singer Instrumentation's new variable 
rf attenuator operates from dc to 500 
MHz with an attenuator range of 10 to 60 
dB. It is particularly suitable for coupling 
between instruments, checking trans¬ 
mitter out-put and receiver system degra¬ 
dation. Power dissipation is 100 mW. In¬ 
put and output impedances are 50 ohms. 
Typical accuracy curves for each 10 dB of 
attenuation over the full frequency range 
are provided. The unit is priced at $130 
and is available from Singer Instrumenta¬ 
tion, 3211 South LaCienega Boulevard, 
Los Angeles, California 90016. For more 
information, use check-off on page 94. 

eliminating 
engine interference 

Engine interference has long been a 
major problem to amateur mobile oper¬ 
ators. This new book is concerned with 
solving this problem in a practical man¬ 
ner. It explains why modern engines 
create interference and discusses the parts 
of the engine that contribute to the 
problem. Instructions are included on 
how to identify and isolate the specific 
components that generate noise. 

Commercial noise-suppression and 
shielding techniques are discussed, and 
instructions are given for their installa¬ 
tion. Diagrams covering the most com¬ 
mon types of automobile ignition wiring 
have been included. Automatic noise lim¬ 
iters are also covered as are such other 
interference problems as instruments, 
wheels and tires, turn and stop signals, 
power-supply vibrators and antennas. 128 
pages, softbound, $4.50 from HR Books, 
Greenville, New Hampshire 03048. 



GREGORY ELECTRONICS 

Reconditioned & Used 
FM 2-WAY RADIO SAVINGS 

Send for New Catalog 



Two real 
good buys! 

RCA CMCT30 
2 Meters 

Transistorized power 
supply, partially transis¬ 
torized receiver, 30 watts, 
12 volt, fully narrow 
banded, complete with 


accessories 


98 


less crystals and antenna 

RCACMCT60 
2 Meters 

Transistorized power 
supply, partially transis¬ 
torized receiver, 60 watts, 
12 volt, fully narrow 
banded, complete with 
accessories... 


*158 


less crystals and antenna 


CORP. 

*662 
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Uses Standard 7447 Decoder- 
driver. Seven Segment Read¬ 
outs. All tested and guaran¬ 
teed. Specs included. Fit stan¬ 
dard 14 pin DIP socket. Full 
.335 inch high. Color, RED. 
Less Decimal $2.00 ppd. 

With Decimal $2.25 ppd. 

With Colon $2.50 ppd. 

Same unit only contains nu¬ 
meral 1 and plus and minus 
sign. $2.25 ppd. 


short circuits 

capacitance meter 

In the circuit for the capacitance 
meter on page 50, of the August, 1972, 
issue there should be a 2200-ohm resistor 
connected between the base of transistor 
Q1 and the -6 volt bus. 


Gl Printed Circuit type 
bridge rectifiers. 

200 v PIV @ 1.5 A 
50<' ea or 3 for $1.25 
400 v PIV © 1.5 A 
60c ea or 3 for $1.75 



LED Pilot Lites. 

Full 3/16 inch Dia. 

4 for $1.00 ppd, 

JUMBO Seven Segment Readouts. Full .770 
inches high. RED. Uses 7447 Decoder-driver. 
Specs included. 

With Decimal point. $5.00 ppd. 

Same unit only numeral 1 and plus & minus 
sign. $5.00 ppd. 




NEW NEW NEW 

6 foot Koil-Cord with molded 
PL-55 plug. Very nice. 

75c Each, 3 for $2.00 ppd. 


General Purpose Geranium Diodes. 

Similar to lN34a etc. 16 for $1.00 ppd. 

All Cathode banded. 100 for $5.00 ppd. 

Full leads. 1000 for $40.00 ppd. 


NEW 

Transformer — American Made — Fully shield¬ 
ed. 115 V Primary. Sec. — 24-0-24 @ 1 amp 
with tap at 6.3 volt for pilot light. 

Price — A low $2.90 each ppd. 


motorola dispatcher conversion 

Inquiries and parts orders for this 
popular Motorola conversion should now 
be sent to the author at his new address: 
John Darjany, WB6HXU, 622 Pacific 
Avenue, Long Beach, California 90802. 

vhf superregen receiver 

In the July, 1973, issue, on page 23, 
the schematic for the vhf regenerative 
receiver should include a 0.01-/iF capaci¬ 
tor between the wiper of the 5000-ohm 
gain control and the base terminal of the 
first TIS97 transistor. 

continuous-phase audio-shift keyer 

In the continuous-phase audio-shift 
keyer published in the October, 1973, 
issue the 2N5033 field-effect transistors 


400 Volt PIV at 25 Amp. Bridge 
Rectifier. 

$4.00 ea. or 3 for $10.00 ppd. 



6.3 Volt 1 Amp Transformer. Fully Shielded 

$1.60 Each ppd. 


used at Q1 and Q3 must be Fairchild's. It 
has been found that 2N5033s from other 
manufacturers have a different "on” re¬ 
sistance and are not usable in this applica¬ 
tion. 


NEW 

JUST ARRIVED — Transformer, 115 VAC pri¬ 
mary, 18 volt, 5 amp ccs or 7 amp inter¬ 
mittent duty secondary $6.00 ea. ppd. 


NEW NEW 

TRANSFORMER. 115 volt pri- 
mary, 12 volt V 2 amp second¬ 
ary. $1.50 ppd. 


two-meter cavity filter 

The dimensions for the two-stage, vhf 
cavity filter shown in fig. 3 on page 25 of 
the December, 1973, issue are incorrect. 
Use the following corrected dimensions 
when building this filter. 



TOROIDS — YOUR CHOICE — 88 mhy or 44 
mhy — 5 for $2.50 ppd. 


DIGITAL CLOCK on a single chip, national 
type 5314, Complete with specs and circuit 

$12.00 ea. ppd. 


SEND STAMP FOR BARGAIN LIST 
Pa. residents add 6% State sales tax 
ALL ITEMS PPD. USA 



m. ivein/chenker 

K 3DPJ BOX 353 • IRWIN, PA. 15642 


frequency (MHz) 



50 

144 

220 

432 

A 

41.0” 

17.0" 

7.30" 

5.00" 

B 

38.0" 

15.0" 

5.20” 

4.80" 

C 

35.0" 

12.9" 

4.00" 

3.30" 

D 

3.0" 

3.0" 

3.00" 

3.00" 

E 

4.5" 

1.5" 

3.00" 

3.00" 

F 

1,4” 

0.375" 

1.00" 

0.75" 

G 

3.0" 

2.1" 

1.20" 

1.00" 

H 

3.0" 

1.063" 

2.75" 

2.75" 

J 

0.75" 

0.75" 

0.75" 

1.00" 

K 


•.see text- 
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It's spring and hamfest time again. No 
matter where you look you see an 
announcement for yet another conven¬ 
tion, auction, hamfest or fm talk-in. The 
Dayton Hamvention in Dayton, Ohio, 
which is billed as the original hamvention, 
is one of the biggest of the year. Drawing 
upon a large amateur population in the 
Midwest, the Dayton show has provided 
the model for many successful amateur 
conventions around the country. Growing 
by leaps and bounds in recent years, more 
than 6400 hams were in attendance last 
year and 8000 are expected this year 
when the Hamvention opens its doors the 
last weekend in April. 

This year the Dayton Hamvention 
Committee has gone all out to ensure a 
lively, interesting weekend for all. Bright 
and early Friday morning, the 26th of 
April, amateur radio manufacturers and 
distributors will start setting up their 
exhibits. At twelve noon the exhibition 
doors will be opened to the public. That 
evening the Old Old Timers and Quarter- 
Century Wireless Association will hold a 
dinner meeting in downtown Dayton. 

By Saturday morning things will really 
start booming around Hara Arena. Ven¬ 
dors and traders from miles around will 
be setting up shop for the famous Dayton 
Flea Market, and the three-hour DX and 
vhf forums will be kicked off. A special 
ladies program, including luncheon, will 
begin at 11:30 AM, and an ARRL Forum 
is scheduled for the afternoon, followed 
by technical sessions on amateur tele¬ 
vision and troubleshooting. The tradi¬ 
tional Saturday-night cocktail hour and 
banquet begins at 7:00—Senator Barry 
Goldwater, K7UGA, will be the guest 
speaker. 

Sometime before the Hamvention is 
opened to the public, a 430-MHz trans¬ 
mitter will be hidden somewhere in the 



Arena area. Transmitter hunts will start at 
1300 on Saturday and Sunday. If you're 
going to Dayton and want to join the fun, 
write to Rudy Plak, W8ZOF, for an 
antenna design. 

Sunday morning the flea market and 
exhibit area will open at 9:00 AM, and 
the antenna and state-of-the-art forums 
will get under way. In the afternoon there 
will be forums on fm and repeaters and 
space communication. In addition, there 
will be technical and group meetings for 
ARPS, MIDCARS, OSSB and MARS. 
Other special groups attending the Ham¬ 
vention are the Ohio Sideband Net, Buck¬ 
eye Belles, Country Cousins, Poverty, 
Cracker Barrel, Firebird, Post Office, 
Intercontinental Traffic and Young 
Ladies Radio League. Prizes will be 
awarded at the end of each technical 
session on Saturday and Sunday. If past 
performance and the 1974 schedule are 
any indication, it should be another great 
show. 

For amateurs who arrive in trailers and 
campers, parking will be permitted in 
designated areas. For those who stay at 
hotels downtown, free bus service will be 
provided out to the Arena. An allotment 
of 500 rooms has been set aside for the 
Hamvention by the local hotels and 
motels, so all room requests should be 
directed to the Accommodations Com¬ 
mittee so that rooms can be alloted 
within the available supply. For more 
information, and a Hamvention brochure, 
write to the Dayton Hamvention, Post 
Office Box 44, Dayton, Ohio 45401. 

If you've never been to the Dayton 
Hamvention. but have considered it, this 
is the year to go. If you've been before, 
you already know what I'm talking 
about. See you there! 


Jim Fisk, W1DTY 
editor-in-chief 
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The new OSCAR 7 communications sat¬ 
ellite which will be launched into orbit in 
the near future is the most complex 
amateur-radio satellite built so far. It is 
the second in the AMSAT-OSCAR-B 
series of long-life amateur spacecraft, and 
is built in an octahedral configuration 
which provides surface area for enough 
solar cells for a positive power budget 
system. This means that, unlike OSCAR 
6, it should not be necessary to period¬ 
ically command the spacecraft into re¬ 
charge modes. 

OSCAR 7 will contain two repeaters 
and two auxiliary beacons, as well as 
Morse code and telemetry encoders. The 
two- to ten-meter repeater has an output 
power of two watts so signals received on 
the ground will be somewhat stronger 
than those received from OSCAR 6. The 
second repeater, which was built by a 
West German group, AMSAT-Deutsch- 
land, has an input at 432 MHz and an 
output at 146 MHz. The two beacons will 
be at 435.1 and 2304 MHz. 

Ground control of the spacecraft is 
provided by command receivers in each 
repeater, redundant command decoders 
and a control-logic sub-system experi¬ 
ment. The whole spacecraft system was 
described in detail at the ARRL Techni¬ 
cal Symposium on Space Communica¬ 
tions. 1 The purpose of this article is to 


6(23 april 1974 






present some ideas and techniques for 
using the new satellite for amateur com¬ 
munications. 

working through the two- 
to ten-meter repeater 

The ground equipment necessary for 
working through the OSCAR 7 two- to 
ten-meter repeater is identical to that 
required for use with OSCAR 6. Since the 
downlink signal will be transmitted with 
approximately twice the power of the 
OSCAR 6 transmitter, this will allow some 
(but not much) relaxation in the receiving 
equipment requirements. A ground-based 
transmitter with an output on the order 
of 80 to 100 watts effective radiated 
power (erp) will again be suitable. The 
same receiving antennas may be used. 

The preferred antennas for both trans¬ 
mitting and receiving are simple non- 
directional ones such as a 5/8-wavelength 
vertical or a turnstile. Although the satel- 


Also, in region 1 the amateur two- 
meter band spans only the frequencies 
from 144 to 146 MHz. Any transmissions 
above 146 MHz are non-amateur. In 
England, for example, the police use 
frequencies at 146 MHz for mobile com¬ 
munications and these signals were re¬ 
transmitted through OSCAR 6. 

In the United States, frequencies 
above 146 MHz are used as input frequen¬ 
cies for two-meter repeater installations. 
Stations communicating through OSCAR 
6 and working DX stations on their 
"own” frequency above 146 MHz were 
also being copied through their local 
repeaters. The simplest solution to these 
problems was to move the input passband 
to 145.850 to 145.950 MHz. 

working through the 432- 
to 145.9-MHz repeater 

Working through the 432- to 
145.9-MHz repeater will be very much 


table ?. OSCAR two • to ten-meter repeater pass bands (±3 dB points). 


satellite uplink 


downlink beacon 


OSCAR 6 145.900-146.000 MHz 29.45-29.55 MHz 29.45 MHz 
OSCAR 7 145.850-145.950 MHz 29.40-29.50 MHz 29.50 MHz 


lite's two-meter antennas are circularly 
polarized, it is also preferable to have 
some sort of ten-meter polarization di¬ 
versity so you will be able to receive both 
vertically and horizontally polarized sig¬ 
nals. 

The passband and beacon frequencies 
for the OSCAR 7 two- to ten-meter 
repeater are slightly different from those 
used in OSCAR 6 (see table 1). These 
new passband frequencies were chosen 
for several reasons. First of all, in region 1 
(Europe) 145.950 to 146.000 MHz is 
used by beacon transmitters operating on 
a 24-hour-a-day basis. These beacons are 
used for propagation studies, setting up 
converters and as a general guide to the 
vhf propagation conditions prevailing at 
any time. These beacons, although trans¬ 
mitted through OSCAR 6, provided no 
communications service and unnecessarily 
drained the power supply. 


like working through OSCAR 4, but in 
reverse. OSCAR 4 received signals on 144 
MHz and re-radiated them on 431.9 MHz. 
The OSCAR 7 repeater receives signals on 
432.1 MHz and retransmits them on 
145.9 MHz. The OSCAR 7 repeater also 
features sideband inversion so that, for 
example, an upper-sideband (USB) input 
signal will be re-radiated as a lower- 
sideband signal. At present, many more 
stations are equipped to copy 144-MHz 
ssb than are equipped to transmit ssb on 
432 MHz, and the convention is to use 
USB on 144 MHz. AMSAT suggests that 
USB be adopted as the standard for the 
uplink to make it possible to easily 
distinguish between satellite (LSB) and 
terrestrial (USB) signals on two meters. 

The recommended transmitting power 
is 300 to 400 watts erp. This is best 
achieved by means of a high-power trans¬ 
mitter and a simple antenna. A ground- 
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plane, 5/8-wavelength whip or turnstile 
antenna do not require any pointing 
during the orbital pass, allowing the 
operator to concentrate on the important 
business of communicating. 

Alternative methods of generating the 
required rf power are to use converted 
uhf fm transmitters, frequency trans- 
verters or surplus tripler-amplifiers. Since 
the uhf repeater is a linear device, as is 
the two- to ten-meter unit, the recom¬ 
mended modes of operation are ssb and 
CW. 

An alternative to ssb for voice trans¬ 
mission is series-grid amplitude modula¬ 
tion, also known as controlled-carrier 
modulation. With this system the modula¬ 
tion is applied to the screen of the final 
amplifier tube, the carrier output is set to 
a low level without any modulation, and 
the modulation controls the level of the 
carrier. Thus, the louder you talk, the 
more power you put out. Modulation can 
be set to a maximum of 95%. A suitable 
circuit is described in reference 2 and 
shown in fig. 1. The S-meter will fluctu¬ 
ate with the modulation. This can be 
annoying or impressive as the case may 
be. 

The received signal cannot be distin¬ 
guished from conventional plate- 
modulated signals by audio means. In 
fact, many ssb operators will not notice 
that the incoming signals are a-m. You 
might, however, get reports of excessive 
carrier on your signal. I know of one G3 
who was using series-grid modulation on 
20 meters about four to five years ago 
and he received many stateside QSL cards 
for two-way ssb contacts! 

copying the RTTY telemetry 

From the telemetry point of view, the 
biggest difference between OSCAR 7 and 
the previous amateur spacecraft is the 
fact that OSCAR 7 has the facilities for 
transmitting telemetry by means of 
RTTY. The RTTY will be FSK on the 
435.1-MHz beacon and AFSK on the 
145.98- and 29.50 MHz beacons. The 
Doppler shift will be about ±10 kHz on 
the 435.1-MHz beacon, about ±3 kHz at 
145.98 MHz, and ±600 Hz at 29.5 MHz. 


The effects of Doppler shift on the 
telemetry signal will be copied by the 
ground station as a change in the carrier 
frequency and not as a change in the 
modulation frequencies. 

An extremely simple arrangement will 
enable good copy of the AFSK signals on 



fig. 1. Basic circuit for a series-gate modulator 
(see text). 

145.98 MHz. A typical set-up is a two- 
meter a-m receiver with a bandwidth of 5 
to 10 kHz. A front-end preamplifier 
should be used between the antenna and 
the receiver. To copy a satellite pass it 
will only be necessary to tune to the low 
side of the signal for acquisition. The 
Doppler effect will cause the carrier 
frequency to have the appearance of a 
slow drift through the i-f passband of the 
receiver. The signal should still be within 
the passband at loss of signal (LOS). The 
detected RTTY tones do not vary during 
the pass so the terminal unit receives the 
correct tones throughout the pass. A 
terminal unit such as the ST-5 (see 
reference 3) would be very suitable for 
this application. 

Copying the FSK transmissions on 
435.1 MHz will be slightly more difficult. 
Tests were conducted from club station 
WA3EWJ in March, 1973, to determine 
the feasibility of copying satellite FSK 
RTTY signals with simple ground equip¬ 
ment, and to investigate how Doppler 
shift would affect the received signals. It 
was found that copying the teletype 
signals was quite easy. The terminal unit 
used was the ST-5. 

The Doppler shift on the signal was 
found to appear as a gradual drift down¬ 
ward in frequency throughout the pass. 
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The received signal was monitored using 
the conventional cross-shaped oscillo¬ 
scope pattern, and the vfo on the receiver 
was adjusted to keep the display correct. 
Frequency-selective fading was also ob¬ 
served on the signals. Although the ST-5 
provided good copy (even after two tape 


mark frequency and puts out a propor¬ 
tional positive or negative voltage (with 
respect to ground) as a function of how 
far (and which way) the receiver is tuned 
off the signal. If a center-zero meter is 
connected across this afc output, it will 
act as a tuning meter, showing how the 


The A M S A T • 
OSCAR-B commu¬ 
nications satellite 
which will be orbit¬ 
ed as OSCAR 7 later 
this year* In this 
photograph the 
spacecraft is mount¬ 
ed on a sheet-metal 
cone which is instal¬ 
led in the launch ve¬ 
hicle. The OSCAR 
package is separated 
from this cone and 
ejected into a sun- 
synchronous orbit 
approximately 900 
miles above the sur¬ 
face of the earth. 
The antennas, which 
are stainless steel 
tapes, are unfurled 
after the spacecraft 
goes into orbit. 
OSCAR 7 will carry 
145- to 29-MHz and 
432- to 146-MHz 
repeaters as well as 
beacons on 435.1 
and 2304 MHz. 



transfers), it was necessary to stay at the 
receiver to adjust the vfo every minute or 
so. It would be much nicer if the re¬ 
ceiving system could tune itself, auto¬ 
matically tracking the Doppler shift, free¬ 
ing the operator for other tasks. 

Two designs for automatic frequency 
control of received RTTV signals have 
been published in recent years. Reference 
4 describes a terminal unit using a phase- 
locked loop. The use of such a terminal 
unit allows the signal to drift through the 
passband while printing out good copy. 
However, when the signal moves out of 
the passband, copy is lost. 

Reference 5 describes an add-on unit 
for the ST-5 or ST-6 terminal units which 
consists of a circuit which monitors the 


receiver is tuned with respect to the 
incoming RTTY mark signal. 

Reference 5 also describes how to 
modify the receiver vfo to accept and use 
the automatic frequency control signal. 
An alternative approach is to build a new 
external vfo for use with OSCAR 7. If a 
new vfo is to be built, a better approach 
is to build an afc-controlled oscillator for 
the front end of the 435.1-MHz converter. 

copying the s-band beacon 

Link calculations for a typical re¬ 
ceiving station for the 2304-MHz beacon 
were given in a previous article. 1 It was 
shown that with a Doppler shift of about 
±55 kHz, a receiver bandwidth of 500 Hz 
and a four-foot dish with a pointing 
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accuracy of ±7.5°, reception of this bea¬ 
con presents a real challenge. 

A simple front end converter for 2304 
MHz is described in reference 6. It uses 
the classic trough-line front end based on 
earlier 1296-MHz units. Antenna 
construction plans are given in reference 
7 in an article describing a pulse com¬ 
munication system. Amateurs who are 
currently tracking OSCAR 6 in both 
azimuth and elevation using a narrow- 
beamwidth antenna should already have 
the ability to track OSCAR 7 with a 
four-foot dish. Thus, reception of this 
beacon is not quite as difficult as it 
appears at first glance. 

using medium-scan television 

In most countries, wideband TV is an 
authorized mode of transmission in the 
432-MHz amateur band. Since OSCAR 7 
contains a repeater having an input in the 
70 cm band it opens up the prospects of 
live, long-distance, real-time TV com¬ 
munications. 

However, since the signals are re¬ 
radiated on 145.9 MHz, a waiver or 
special permit must be issued by the 
licensing authorities. This permission has 
already been requested of the FCC. Also, 
since the repeater has only a 50-kHz 
passband the transmissions will still be 
limited in bandwidth. This rules out 
standard fast-scan (525/625 line) pic¬ 
tures. Slow-scan TV with its eight-second 
frame rate is suitable (as demonstrated by 
a number of OSCAR 6 contacts) but 
could be improved upon, at least with 
respect to the frame rate. 

Reference 8 describes a medium (or 
faster slow-scan) TV system. The specifi¬ 
cations for this system are such that all 
frequencies used are four times the equiv¬ 
alent normal slow-scan rate as shown in 
table 2. The pictures thus have a frame 
rate of 2 seconds. These TV pictures are 
not currently used for on-the-air transmis¬ 
sions because the bandwidth is also four 
times the normal slow-scan TV band¬ 
width. The pictures are used for setting 
up cameras and monitors in the home 
station and are converted to slow-scan TV 
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table 2. Operating parameters of slow-scan and 
medium-scan television signals. 


parameter 

sstv 

mstv 

Line rate 

15 Hz 

60 HZ 

Number of lines 

120 

120 

Frame time 

8.1 sec 

2.025 sec 

Sync frequency 

1200 Hz 

4800 HZ 

Black frequency 

1500 Hz 

6000 HZ 

White frequency 

2300 Hz 

9200 Hz 

Horizontal sync pulse 

5 ms 

1,25 ms 

Vertical sync pulse 

30 ms 

7.50 ms 

Video bandwidth 

900 Hz 

3600 Hz 


by the very simple method of dividing all 
frequencies by a factor of four (using 
digital ICs). The pictures are then in¬ 
distinguishable from conventionally gen¬ 
erated sstv. 

Since the bandwidth of medium-scan 
TV (mstv) is less than 15 kHz, and the 
spacecraft repeater has a 50-kHz pass- 
band, there does not appear to be any 
reason why mstv should not be used as a 
communications mode through OSCAR 
7, providing that the relevant permits are 
issued by the licensing authorities. With 
its two-second frame time, mstv is a vast 
improvement over sstv eight-second frame 
time. 
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active 

for 

direct-conversion 
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How to design 
simple active 
audio filters 
for radio 
communications 


Many of the simpler communications 
receivers in use today are lacking in 
selectivity for CW work. To some extent 
this deficiency can be minimized by using 
audio filters. The more interesting de¬ 
signs, at least for me, are those where 
active RC circuits are used to replace the 
classic LC configurations. While high 

12 E2B april 1974 


filters 


in 

O 

O 

r^ 

0> 

c 

o 

U) 

0) 


c 

o 

1- 

o 

> 

CO 

a> 

00 


2 

*E 

CO 

a 

§ 

00 

o 

o 

rs 

rs 

5 

N 


<o 

> 

<0 

I 


0) 

§ 


quality active filters are available com' 
mercially,* they are also popular as pro¬ 
jects for the amateur experimenter. Such 
filters are especially useful in conjunction 
with direct-conversion receivers, an ap¬ 
proach in which all adjacent channel 
selectivity must be obtained at audio 
frequencies. 

Several of the active filter designs 
available to the experimenter suffer from 
problems which make them less than 
optimum for general use. For example, 
many of the designs are aimed at achiev¬ 
ing rather narrow bandwidths, often less 
than 100 Hz. While these units are quite 
useful for some specialized applications, I 
prefer a somewhat wider bandwidth for 
general CW work. A 0.5-kHz wide re¬ 
sponse is usually more than adequate if 
steep skirts are maintained. 

Many of the popular active filter de¬ 
signs require tight control of component 
tolerances, leading to difficulty and ex¬ 
cessive expense when being duplicated. 
The work described in this article is 
aimed at designs which use ±10% or even 
20% tolerance components and feature 
wider bandwidths while maintaining suf¬ 
ficiently steep skirt response to be useful. 

*Such as those manufactured by MFJ Enter¬ 
prises, Post Office Box 494, State College, 
Mississippi 39762 (see ham radio f November, 
1973, page 68). 



lowpass filter 

Shown in fig. 1 is an abbreviated 
schematic of a 10-pole peaked lowpass 
filter I built. Although only two lowpass 
sections are shown, the filter contains five 
identical sections. Each of these has a 
2-pole lowpass response which is peaked 
at the cutoff frequency. A similar re¬ 
sponse is that of the pi-network in a tube 
transmitter, again a peaked lowpass filter. 

The Q of each active filter section is 
about 1.9 which yields a net 6-dB band¬ 
width of about 200 Hz. Skirt response, 
however, is not lacking. With a center 
frequency of 540 Hz, the attenuation is 
75 dB at 1200 Hz. Net gain of the system 
is 28 dB at resonance. A single-pole 
highpass section is used at the input to 
bias the following stages and to provide 
some additional attenuation at the low 
frequencies. 

The measured responses for one, three 
and five lowpass sections are plotted in 
fig. 2. This filter was built with 10% 
capacitors and resistors, However, the low 
Q of each pole pair would allow the use 
of 20% components with a minimal de¬ 
gradation in performance. Indeed, the 
slight stagger-tuning effect that could 
result might be quite desireable. The 
npn-pnp feedback transistor pairs are 
used as unity gain amplifiers and are not 



fig. 2. Measured response of one, three and five 
lowpass sections of the 10-pole active filter 
shown in fig. 1. 


critical as to transistor type. The bias of 
the input section was chosen to compen¬ 
sate for the 0.6-volt offset introduced by 
each feedback pair, placing the filter 
output at half the power supply level. 

From a practical point of view, the 
filter has been found to be an excellent 
performer. The moderately wide band¬ 
width makes the unit easy to use, even 



Cl 

0.1 HF, 10% tolerance 

C2 

0.0068 JUF, 10% tolerance 

R1,R2 

10k, V4-watt f 10% tolerance 


fig. 1. Abbreviated schematic of a 10-pole 
peaked lowpass filter. All five lowpass sections 
are identical. Npn transistors are 2N3565, 
2N3904 or similar; pnp transistors are 2N3$3B, 
2N3906, etc. 
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fig. 3. Four different types of unity gain, 
non-inverting amplifiers suitable for use in 
active filters. 

with receivers with minimal bandspread. 
However, the steep skirts insure adequate 
rejection of adjacent channels. When used 
with even the most simple direct-conver¬ 
sion receiver, performance is suitable for 
the majority of amateur communications. 

other filter designs 

The design outlined above should be 
suitable for those wanting a circuit to 
duplicate. However, the low cost of 
modern semiconductors and the ease of 
construction of audio circuits make active 
filters a very attractive area for further 
experimentation. The remainder of this 
article will present some possible varia¬ 
tions for you to try in your own lab. If 
you have an analytical bent you will find 



fig. 4. Basic peaked lowpass filter section. The 
cutoff frequency, f co , and Q are defined by the 
values of R and C as shown here. 


the analysis of the peaked lowpass design 
to be straight forward by using either 
classic methods 1 or the real-time ap¬ 
proach outlined earlier. 2 

For the simple lowpass filter designs, 
the amplifier should have a unity, non¬ 
inverting gain and should exhibit good 
impedance-transforming properties. In 
many cases, a simple emitter follower 
using a high beta transistor will suffice. 
Integrated-circuit operational amplifiers 
such as the popular //A741 are excellent, 
although a lower noise type such as the 
LM-301 is sometimes preferred. Shown in 
fig. 3 are four possible configurations, all 
suitable for use with a single power 
supply. The fet input amplifier is useful 
for low noise applications. 

The basic peaked lowpass filter design 
is summarized in fig. 4. Note that the Q 
of the circuit is completely defined by 
the ratio of the two capacitors. When 
designing a filter, a Q is chosen and 
convenient capacitors of standard value 
are then picked. Miniaturization and low 
cost would suggest choosing relatively 



fig. 5. Dual bandwidth active filter. With switch 
51 open, cutoff is 2.3 kHz; cutoff is 650 Hz 
with switch closed. 


low capacitor values. However, noise con¬ 
siderations often point toward the use of 
somewhat larger values. Once the capaci¬ 
tors are chosen, the frequency of the unit 
is determined by calculating the proper 
resistance values. Clearly, a tunable filter 
with a constant Q would result form the 
use of a dual potentiometer. 

The filter shown will have unity gain 
at dc and a voltage gain equal to the Q at 
the “cutoff" frequency. The measured 
peak frequency will be slightly lower than 
the “cutoff" frequency defined by the 
equation of fig. 4. This error is largest at 
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low-Q values. For example, the measured 
center frequency of the 10-pole filter of 
fig. 1 is 10% lower than that calculated. 
This effect is characteristic of any low-Q 
resonator. 

The fact that both frequency and Q 
are dependent upon the capacitors can be 
used to advantage. Shown in fig. 5 is a 
dual bandwidth filter. With the switch 
open, the cutoff is 2.3 kHz and Q is 0.87. 
When the switch is closed, the center 
frequency drops to about 650 Hz and Q 
increases to 2.9. A multiplicity of these 
sections should yield a filter useful for 
both CW and ssb work. 

Obtaining electronic components is 
often a problem for amateurs, with pre¬ 
cision capacitors being especially difficult 
to find. Occasionally, you will come 
across a large number of capacitors of 
identical value. These can be used in filter 
applications in conjunction with non¬ 
inverting amplifiers with a gain greater 
than unity. This lowpass filter configura¬ 
tion is presented in the schematic and 
equations of fig. 6. You can see that Q 
can become infinite for a closed loop 
gain, A, of only 3. This oscillating condi¬ 
tion could be used to advantage in a 
transceiver application by using an fet or 
bipolar switch to alter stage gain, pro¬ 
viding a simple sidetone function. 

limiting amplifier 

One drawback of many simple direct- 
conversion receivers is the lack of age. 


C 



fig. 6. Alternate form of peaked lowpass filter 
using a non-inverting amplifier with gain greater 
than one. Cutoff frequency, f , and gain, A, 
are defined by the resistance and capacitance 
components; Q is determined by gain. 


This deficiency could be minimized for 
CW reception by careful application of 
limiting. For example, shown in fig. 7 is a 
simple inverting, limiting amplifier with 
an adjustable limiting threshold. Below 
the threshold, the amplifier is linear with 
a voltage gain of 10. However, as soon as 



fig. 7. Simple inverting, limiting amplifier with 
adjustable limiting threshold. 


the output is high enough for the silicon 
diodes to conduct, the gain drops below 
unity. This amplifier should be preceded 
by several sections of filtering, and fol¬ 
lowed by a single-section lowpass filter to 
eliminate the harmonic distortions gen¬ 
erated in the limiting process. The result¬ 
ing clipper-filter system would be a real 
ear saver when used with any receiver 
with poor or non-existent age. 

summary 

There are many possible circuit con¬ 
figurations for active filtering and an 
equally wide variety of applications. Here 
we have considered only a very simple 
family of circuits. Perhaps this article will 
stimulate others to try their hand at this 
intriguing area. 
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telefax 

conversion 


Modifying the 
Model 6500A 
fax machine 
for F5 emission 


Hams have long been an imaginative and 
ingenious bunch, taking older commercial 
equipment and converting it for their 
own use. Lately the Telefax Model 6500 
facsimile transceivers have been on the 
market for 10 - 15 dollars each. Articles 
have been written on the conversion of 
these machines, but none have been very 
satisfactory as many of you may have 
discovered. 

The machines were originally designed 
to work over landlines in conjunction 
with another setup located in a central 
office. This setup provided the sync 
detection and drum feed control for a 
pair of machines. The machine is basically 
an A4 emission device; that is, a varying 
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amplitude of the same frequency. One of 
the difficulties of A4 is the constant need 
for riding gain on the volume control to 
overcome band fading. Another problem 
exists in the legality of feeding this A4 
emission into a 2-meter fm transmitter, 
which then makes F4 emission. This is 
not permitted under current regulations. 

Included here are a set of electronics 
and standards to convert the final emis¬ 
sion to F5, which is legal on 2-meter fm 
and which solves all the problems of 
fading on the low bands. The standards 
are simple; 2500 Hz for white, 2000 Hz 
for black, and the gray scale falls in 
between. The sync is a series of beeps at 
whatever frequency is coming out of the 
machine at that time. The first portion of 
the scan may be black, white, or gray — it 
makes no difference for the sync. Also 
included is an automatic drum feed. The 
receiving circuit detects the beginning of 
a picture and causes the drum to auto¬ 
matically begin the horizontal travel. 

The schematic of fig. 1 shows the 
unmodified Model 6500 fax machine. 
The following discussion describes the 
circuitry for adapting the machine for F5 
emission and includes the sync and drum 
feed control. 

interface circuits 

Q5 and Q6 make up the multivibrator, 
which oscillates between 2500 Hz, the 
white frequency, and 2000 Hz, the black 
frequency (fig. 2). Q7 is the modulator, 
which detects how much output is com 



ing from the fax machine for a given 
picture and changes the oscillator fre¬ 
quency. Q8 is a simple emitter follower 
isolation. U2 is a flip-flop with a cancel¬ 
ing input (fig. 3). On receive the phas¬ 
ing contact triggers this flip-flop, which 
drives Q3. Q3 in turn, drives PH-1, an 
LED lamp shining on a photo-resistor. 
This circuit provides isolation for the 
triac circuit, SCR 1. (Construction of 
PH-1 is shown in fig. 4.) Q4 is the triac 
control, which turns off the gate on the 
triac (SCR 1) when the phasing contact is 
triggered by the rotating drum. The triac 
interrupts power to the gray-colored motor 
(see fig. 1) to slow the rate of the revolving 
drum. When the received signal (beeps) 
coincides with the local phasing contact 
opening, the flip-flop is canceled and the 
gray-colored motor runs at normal speed. 
Both units (transmitting and receiving 
machines) are in sync. That is, the red 
line on each machine is in the same 
angular position. 

U1 {fig. 5) is a standard limiter, which 
removes all a-m from the signal and 
causes a constant level regardless of the 
volume setting. The input is set for 500 
ohms; and it would be a good idea to 
install a small transformer, 3.2 to 500 
ohms, between the speaker terminals of 
the receiver and the 500-ohm input to 
match impedances. 

The video detector is just a tuned trap 
in series with the limiter output and the 
fax input. Q1 and Q2 are the automatic 
drum feed and tuning circuit {fig. 6). 
Three seconds after video is detected, the 
relay closes and the drum feeds on the 
receiving end. U3 is a series type regulator 
in the plus side of the power supply, fig. 
7. 

telefax transceiver conversion 

Remove the top cover and bottom 
plate and check the tubes. Check the 
stylus and replace if necessary with a 
piece of carbon-steel wire from a wire 
brush. 

Carefully remove the exciter lamp, 
lens telescope, and projection tube. Re¬ 
move the lenses from these assemblies 
and clean them. Replace the lenses in the 


same order and in the same direction as 
removed. Remove the phototube, clean, 
and replace. Plug in the 117-volt line 
cord, and push the outgoing pushbutton. 
This turns on the lamp. Focus the light 
spot on the drum by moving the tele¬ 
scope back and forth. Put a piece of 
paper with typed letters on the drum, and 
focus the image on the pinhole of the 
projection tube by moving the projection 
tube back and forth. Take good care on 
this step if you are to transmit sharp 
pictures. Check that the red line on the 
drum is at the stylus position when the 
phasing contact is open and the free slack 
is taken up in the normally rotating 
direction. The factory setup may have 
slipped. Adjust with an Allen wrench. 
Burnish the phasing contacts and adjust 
them for 0.020 inch with a feeler gauge. 

1. Clip the 51-ohm resistor (fig. 1) from 
the incoming switch on the front panel 
and the two other wires from this switch. 
This frees a set of contacts for future use. 
See fig. 8. 

2. Clip the wire coming from relay LR, 
the normally closed contact, and going to 
relay HR, the moving contact. 

3. Clip the wire on the rear, outer 
terminal of the out-going switch and run 
a wire from this contact to the moving 
contact of relay HR just made available. 
See fig. 8. 

4. Clip the wires on all three lugs of the 
BR relay. Fold back and disregard. 

5. Clip the two green wires from one side 
of the coil of the BR relay, fold back and 
disregard. 

6. Connect a wire from the N.C. contact 
on LR, made available earlier, to the coil 
terminal just made available on the BR 
relay. 

7. On the line transformer located under 
the gray-colored motor, cut all three 
wires from the terminals located on the 
transformer. 

8. With a wire, ground the terminal 
closest to the chassis. A terminal lug is 
close by to solder to ground. See Fig. 8. 
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fig. 2 . Modulated oscillator. 


9. Clip the two wires (one from each lug) 
from the rear, inner spdt switch of the 
outgoing pushbutton and fold back the 
wires. See fig. 8. 

10. To the center lug of these three, 
connect a wire to the last lug made 
available on the line transformer. No 
connection is made to the center tap on 
the line transformer. See fig. 8. 

11. Extend the red wire (that was clipped 
from the line transformer) to the rear¬ 
most of the three contacts. 

12. Extend the white wire (that was 
clipped from the line transformer) to the 
frontmost lug of the three. This transfers 
the line transformer from receive to 
transmit with the pushbutton. 

13. Clip the two gray wires from the 
other coil terminal of the BR relay. 
Solder together and tape. 

14. Connect a wire from this coil terminal 
just made available on relay BR to the 
N.O. contact, bottom stack of the PWR 
relay. There are several wires connected 
to this terminal of the PWR relay. 

15. Make available a set of contacts on 
the TR relay as follows: On the moving 
contact of one of the sets is a pair of 
wires, one of which goes to the coil of the 
HR relay, the other to the 100-ohm, 
10-watt resistor bolted to the chassis. 
After identifying this set of contacts, clip 


the pair off the moving contact of the TR 
relay, solder them together, and tape. 

16. Clip the other wires from this set of 
contacts, fold back and disregard. 

17. Clip the wire on the drum phasing 
contact and remove. 

18. Connect a piece of shielded wire from 
the phasing contact to the moving con¬ 
tact on relay TR just made available. 

19. Connect another shielded wire from 
the N.O. contact of relay TR to the 
moving contact of relay BR made avail¬ 
able earlier. 

20. Clip the blue wire on the coil of the 
ACK relay going to the neon lamp, fold 
back and disregard. 

21. Connect a wire from this terminal on 
the coil of the ACK relay to the N.O. 
contact of the PWR relay. (There are 
several wires on this terminal.) 

22. Clip both wires from the acknowledge 
pushbutton on the front panel. 

23. Remove the switch and replace with a 
spst, normally open pushbutton or similar 
momentary-contact switch. Wiring of this 
switch is described later. 

24. Clip three wires on one side of the 
neon lamp holder. One side of the neon 
has a wire going to the acknowledge 
pushbutton. If this is the side you clipped 
first, identify this wire and discard it. 


20 m april 1974 




-O +3.9V 



CffIJ. i4. 15 - (N9I4 or «<juiv. 
CRIB * 3.9V, W ZENER 


fig. 3. Sync circuit. 


25. Solder the other two wires to one side 
of the new switch. 

26. C/ip three wires from the other side 
of the neon lampholder, solder together 
and tape. 

27. Connect the neon lamp across the 
N.O. contacts on relay LR. 

28. Connect the second terminal of the 
new switch to the moving contact of the 
LR relay. This wire can be picked up on 
the neon lamp. 

29. Clip the wires from the bottom two 
sets of N.O. contacts and moving contacts 



fig. 4, Construction of the PH-1 LED/photo- 
resistor assembly. If the light-emitting diode 
does not operate, reverse the connections to it. 


of the ACK relay, fold back and dis¬ 
regard. 

30. Clip both wires from the coil of the 
LR relay, fold back and disregard. 

31. Connect a wire from the moving 
contact of relay LR to one terminal of 
the coil of relay LR. 

32. Connect a wire from the other coil 
terminal of relay LR to moving contact 
of set "A" just made available on the 
ACK relay. 

33. Connect a wire from the N.O. contact 
of set "A" on the ACK relay to the new 
wire installed earlier to the coil of the 
ACK relay. 

34. Connect a wire from the terminal 
having the gray wire (from the new 
switch) to rhe moving contact of contact 
set "B" on the ACK relay. 

35. Connect a wire from the moving 
contact of the LR re/ay to the N.O. 
contact of contact set "B" on the ACK 
relay. 

36. Enlarge the hole in the rear apron to 
accept an 11 -pin receptacle. Wiring of the 
new socket is as follows. 
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37. Pin 1 - Chassis ground. 

Pin 2 - Shielded lead to N.O. 
contact of relay BR. 

Pin 3 • Connect a wire to the red 
wire on terminal block for the line 
transformer. 

Pin 4 - Connect a wire to the white 
wire on terminal block for the line 
transformer. 


Apply a source of 2500 Hz voltage to 
the 500-ohm input to the limiter. Con¬ 
nect a scope or a VU meter to pin 4 of 
the new plug (see fig. 5). Put a receiving 
blank on the drum. Push the INCOMING 
switch. Adjust LI fora minimum reading 
on the scope or VU meter. Push the 
STOP switch. Put a new receiving blank 
on the drum. Feed 2000 Hz into the 
500-ohm input, and push the INCOMING 
switch. When the neon light lights, push 


500sl AUDIO 
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fig. 5. Limiter and video detector. 


Pin 5 - Connect to the N.O. con¬ 
tact, "A" set, of the ACK relay. 

Pin 6 - Connect to moving contacts, 
"A" set, of ACK relay. 

Pin 7 - Clip wire to service switch 
(chassis) and extend to Pin 7. 

Pin 8 - Connect a wire to the service 
switch terminal just made available. 

Pins 9 and 10 - Connect one pin to 
each side of power transformer 
primary. 

Pin 11 - Connect a wire to the N.O. 
contact of the set made available on 
the TR relay. 

tune-up 

Push the OUTGOING button and 
check all the voltages on the board: +5V, 
-5V, and +3.9V. Push the STOP button. 
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the drum feed pushbutton (the new 
switch added in the machine conversion). 

Adjust PI on the fax chassis for a good 
black burn on the paper. Change the 
oscillator to 2500 Hz. Touch up Pi just 
so the burn disappears. As you go from 
2500 down to 2000 Hz in steps, you will 
see the gray scale. No further adjustment 
is required on the video detector. Push 
the STOP button. 

Connect a scope to the audio output 
of the modulated oscillator (see fig. 2). 
Connect a frequency counter or some 
means of determining 2500 and 2000 Hz 
reasonably accurately. An audio oscillator 
may be used as a BFO while listening 
with an earphone connected at the same 
point. Be as accurate as possible. 

Put a sending blank on the drum. With 
a screwdriver, turn off the service switch 




located near the gray-colored motor on 
the top side of the chassis. Rotate the 
drum manually until the phasing contacts 
are open (next to the drum gear). Note 
the drum is free wheeling on the shaft for 
almost a full turn. 

Push the OUTGOING button. The 
drum should not be rotating because the 
service switch is turned off. While the 


scope). After several trials the proper 
reading will exist. 

Now, with P2 fully counter clockwise, 
rotate the drum to the whitest portion of 
the sending blank. Advance P2 until the 
counter just levels off and no further. The 
counter should read 2500 Hz. Rotate the 
drum to the black letter again and the 
counter should read 2000 Hz. Anything 



CR2Q, 2K 2* • IN9t4 OR EOUtV. 
CR22 • 400 PiV, IA SILICON 
Ki • 12 VOC MINIATURE RELAY, 
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SPOT. 


fig. 6. Automatic drum feed. 


phasing contacts are still open, rotate the 
drum to put the light beam on the 
whitest part of the sending blank. Adjust 
the SENDING pot P2 on the machine 
chassis for approximately % turn. Adjust 
the two white frequency adjust pots, R1 
and R2 (see fig. 2) for 2500 Hz on tne 
counter. Juggle the two pots (R1 and R2) 
for a symmetrical trace on the scope. 
Now rotate the drum to a black letter on 
the sending blank, keeping the phasing 
contacts open. Turn P2 on the chassis 
fully counter clockwise. Adjust R3 (see 
fig. 2), the black frequency adjust, for a 
reading of 2000 Hz on the counter. 
Readjust R1 and R2 again because these 
adjustments interact somewhat (P2 to V 2 
turn, drum on the whitest portion of the 
sending blank, a reading of 2500 Hz on 
the counter, symmetrical trace on the 


gray on the drum, a photo for example, 
will read somewhere between 2500 and 
2000 Hz. Good gray scale can be achieved 
if P2 is adjusted properly. Disconnect all 
test equipment. Turn the service switch 
on. Turn the output level control, R4, to 
a minimum. Turn on the transmitter and 
adjust the deviation by advancing the 
output level control. Keep in mind that 
F5 emission may only be as wide as a 
normal ssb signal on the low bands and 
only as wide as a standard a-m signal on 2 
meters. That is, on 2-meter fm, keep the 
deviation at 6 kHz or less. 

operation 

The sending machine has the material 
to be sent while the receiving machine has 
the receiving blank installed, both with 
the overlap of the paper over the red line 
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CRS - 5 / VOLT, / WATT ZENER 

fig. 7. Power supply. crs * 3.9 volt. 1 watt 2 £ner. 


and the trailing lip of the paper located so 
that the stylus drags over the paper. Both 
machines are started, the OUTGOING 
button is pushed on the transmitting 
machine, and the INCOMING button is 
pushed on the receiving machine. Several 
seconds later the neon lamp will light. 
This indicates the tubes are warm and the 
machine is ready to use. Wait several 
seconds after the light is lit to be sure the 
receiving machine is ready and that sync 
has occurred. You can tell if the receiving 
machine is in sync when the hesitation in 
the gray-colored motor has stopped and 
the motor runs smoothly. The operator at 
the transmitting end pushes the drum 
feed button when he assumes the receiver 
is in sync {several seconds after the 
neon lamp has lit). After the button is 
pushed, the neon lamp will go out, 
signifying that a picture is being transmit¬ 
ted. The receiving machine will auto¬ 
matically detect the picture and cause the 
drum to feed. When the picture scan is 
complete, the machine will automatically 
stop, and the drum will return to its 
normal position. 

If you push the wrong button, be sure 
to push the STOP button before pushing 
any other button. That is, if you push 
OUTGOING and meant to push IN¬ 
COMING, push the STOP button before 
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pushing the desired button. This is to get 
the logic straight again. 

summary 

We find it easy to just hook the setups 
back-to-back for demonstration purposes 
and testing, or a landline may be used if a 
radio link is not desired. If wired back to 
back use two wires and install a T-R 
switch. Simultaneous connection of out¬ 
put to input causes the drum to feed 
prior to sync acquisition. If hum level 
affects sync acquisition, adjust the re¬ 
ceiver volume control to a lower setting 
or install a Butterworth filter between the 
receiver and the input to the limiter. 

“ Telefax 

fuel 1 " ^ "T 

the. qu\cx fcfcowtf 

Fox Jumped <?vef- 

A LAZ 1 * t> 06 's 

( baci. De 

_ MNEWflAAN* _ 


An actual transmission. Note the contrast be¬ 
tween black and white and note the positive 
picture which was inverted electronically. The 
words “sending blank” were transmitted. 





The Telefax machine conversion basic¬ 
ally consisted of relay rewiring. It is still 
well suited for its original emission of 
negative pictures without using any of the 
new parts on the circuit boards. The basic 
sending and receiving functions of the 
machine are left undisturbed. The control 
system was rewired to cause the drum 
to feed horizontally with a pushbutton 
and for sync sending. 

The St. Louis Amateur Teleprinter 
Society (SLATS) is a highly technical 
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fig. 8. Incoming * outgoing switch modifica¬ 
tions. 


oriented group that prides itself in pro¬ 
jects such as this. We find it quite handy 
to send schematics, photos, news clip¬ 
pings, etc., along with furthering our 
knowledge of linear and nonlinear circuits 
in specialized radio communications. 

The author wishes to thank K0DOK, 
who sparked the development of the 
project; WA0IDS, who contributed the 
machine diagram and immense informa¬ 
tion on the machine; and the SLATS 
members, who inspired the article and 
acted as guinea pigs to prove the article 
could be understood. 

A printed circuit board is available 
from the author for $6.50 postpaid or a 
full kit of parts including the circuit 
board for $62.00 postpaid in the U.S.A. 
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The Ten-Tec Argonaut leaves little to be 
desired by the QRPP enthusiast. How¬ 
ever, in the 5-watt and under area, any¬ 
thing that will improve performance is 
well worthwhile. This article describes a 
tailor-made companion for the Argonaut 
transceiver, but individual modules may 
be used with transmitter-receiver combi¬ 
nations as desired. Project objectives 
were: 

1. Speech compressor with variable 
microphone gain and compression. 

2. A 2-kHz ssb splatter filter. 

3. CW filter, vary narrow passband, no 
insertion loss. 

4. Keyer with self-completing characters, 
10-60 wpm. 

5. Dc power supply, 12-14 volts. 

6. Minimum current drain for portable 
operation. 

7. Detachable key for ssb-only or mobile 
use. 

8. Small size and weight. 
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the argomate 

A review of the current literature 
showed that no better audio filters could 
be found than the MFJ Enterprises low- 
pass and CW units, which are extremely 
small, rugged, and require only a few 
milliamps of current. Recent editions of 
the ARRL Handbook 1 contain an excel¬ 
lent speech processor circuit, which pro¬ 
vides up to about 3 dB processing gain. 
For its cost and simplicity, the 1C keyer 
by W7ZOI 2 was a natural choice. The 
finished product is a versatile adjunct to 
any station, high or low power, fixed or 
mobile. 

A block diagram showing the interface 
of the two units appears in fig. 1. The ssb 
and audio filters provide optimum per¬ 
formance while retaining the age feature 
on the filtered af signal only. 

Minor modifications required to the 
Argonaut to accept the filter circuits are 
described; other receivers should be modi¬ 
fied similarly after carefully checking the 
receiver schematic. If audio filters are 
outboarded from the speaker or phone 
jack less satisfactory audio filtering and 
age characteristics will result. No mods 
are necessary to the transmitter for the 
speech processor other than adjusting 
transmitter drive and mike gain/compres¬ 



Construction of the Argomate. Compressor 
board is on the left-hand side, keyer board is 
beside it. CW and lowpass filter boards are 
mounted under the compressor and keyer 
boards. 

sion levels for optimum clarity and per¬ 
formance. 

keyer 

The W7ZOI keyer (fig. 2) can be easily 
constructed on a 2 x 3-inch PC board. It 
uses a /xA 747, which is a pair of /xA741Cs 
in a 10-pin TO-5 package. Resistor R2 is 
used to adjust the relative length of the 
first two dits to provide even spacing. The 
dot-dash ratio is determined by C3, C4; 
C4 is used only for the dot, and both C3 
and C4 are used in parallel for the dash. 

Q4 collector pro¬ 
vides for keying a posi¬ 
tive voltage to ground 
(20V or less). The key¬ 
ing transistor will han¬ 
dle up to 50 mA with¬ 
out a heatsink. 

compressor 

The speech compres¬ 
sor details, operation, 
and adjustment are well 
treated in reference 1. 
Coil LI can be either a 
UTC DO-T8 or UTC 
ML-6. The circuit is 
shown in fig. 3. 


ARGOMATE ARGONAUT 



fig. 1. Interface between the Argomate and the Ten-Tec 
Argonaut transceiver. 
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A 



01-04 

BOTTOM VIEW 

fig. 2. Argomate keyer schematic. Original circuit design, by W7Z01, is described in the ARRL 
Handbook (reference 1). 


cw filter 

The CWF-2 filter is made by MFJ 
Enterprises and is available in either kit 
form or pre-wired and tested. Af selec- 
tivities of 180, 110 and 80 Hz are 
provided. This truly remarkable per¬ 


former is a must for any CW operator. In 
the 80 Hz position, rolloff is 60 dB per 
octave, virtually eliminating any QRM 
not zero beat. Insertion gain (up to 2.4) is 
present in ail positions. The high input 
impedance (680k) and low output im¬ 
pedance (less than 2 ohms) eliminate the 


C Li 



fig. 3. Speech processor. 
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WITHOUT FILTER 


WITH FILTER 


fig. 4. Method of connecting the CW and ssb filters. Better performance results if filters are inserted 
ahead of the audio amplifier. 


necessity for receiver i-f/audio impedance 
modifications. The unit can be used with 
a 6-30 volt supply and draws 2-8 mA. The 
low-Q circuit design eliminates ringing, 
which is common in most conventional 
active filters. A 2 x 3-inch PC board is 
provided by MFJ. 

low-pass filter 

The LPF-1 low-pass audio filter is 
similarly constructed on a 2 x 3-inch PC 


board. This filter is used only in the 
receiver audio line to reduce ssb splatter 
above about 2 kHz. The cutoff frequency 
can be adjusted as desired by changing 
the values of eight resistors on the PC 
board. Received audio intelligibility of a 
male voice is not impaired as long as the 
cutoff frequency is above about 1.5 kHz. 

audio filter insertion 

Although both the CWF-2 and LPF-1 
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fig. 5. Argonaut i-f board modifications. A and 8 show before and after modifications. Component 
numbers are those of the Argonaut. 
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Front panel switching and control wiring. 


filters can be connected directly to the 
receiver output jack, far better perform¬ 
ance will be realized if the filters are 
inserted prior to the final audio amplifier 
in the receiver. Fig 4 shows recommended 
connections. 

argonaut i-f board modification 

Fig. 5 shows the modifications to the 
Argonaut i-f board for insertion of the 
filters. Mini-coax, such as RG-174/U, 
should be run to the rear panel connector 
for the filters. To perform the modifica¬ 
tions, the copper foil joining pins 3-4 and 
6-7 must be broken as well as the foil 
connection from C15 to the collector of 
Q3. Cl5 and the new 0.1 jiF capacitor 
may be soldered to the top side of the i-f 
board if necessary. Unsolder the wire 
connected to pin 6 of the front terminal 
pin jack for the i-f board and resolder it 
to pin 7 (ground). The Mini-coax con¬ 
nections are then made to the i-f board 


terminals 3 and 6 and run to the rear 
panel accessory socket. 

argomate chassis construction 

A Ten-Tec JW-7 cabinet provides a 
handsome matching enclosure for the 
Argomate. Additional side shielding of 
aluminum sheet was added to prevent 
stray hum and rf pickup. 




ARGONAUT 

CHASSIS 



Four circuit boards used in the Argomate. 


fig. 6. Interconnection wiring between Argo* 
mate and Argonaut chassis. 


The four 2 x 3-inch PC boards were 
mounted in two stacks of two boards 
each in the horizontal position, with the 
CWF-2 and LPF-1 on the bottom. An 
11-pin connector provides cable connec¬ 
tions to the Argonaut, including power 
for the Argomate, as shown in fig. 6. A 
three-wire connector is provided for the 
cable to the Ten-Tec KR-1 paddle as¬ 
sembly. The mike PTT and keyer output 
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lines are connected together, as well as 
to the key jack on the Argonaut rear 
panel. Check the individual keying/PTT 
circuit before using this arrangement with 
other units. 

The four PC boards are interconnected 
to multiple-pin terminal 
strips rather than with 
direct point-to-point 
wiring, which makes a 
neater installation and 
allows one or more PC 
boards to be removed if 
necessary. The terminal 
lugs serve as handy test 
points for every PC 
board input and out¬ 
put. Fig. 7 illustrates 
the chassis connections. 

A jumper in the +12- 
volt leads on TS3 (pins 
11 to 12) permits mea¬ 
suring the current 
drawn by each PC 
board when a milliam- 
meter is connected be¬ 
tween the two pins. 

Fig. 8 shows switch and 
interconnection wiring. 

The chassis cabinet 
and additional alumi¬ 
num sides provide ade¬ 
quate shielding for all 
wiring and components 
inside the chassis. How¬ 
ever, in areas where ac 
hum or rf pickup are 
severe, additional 
RG-174/U will reduce 
these effects inside the 
cabinet. Coax or other 
shielded connectors must be used be¬ 
tween the Argonaut and the Argomate. 

An additional 11-pin jumper plug must 
be used when operating the Argonaut 
without the Argomate. This plug rewires 
the i-f/audio connections to the original 
condition. The Argonaut +12 V supply 
line is jumpered in the plug and the 
Argomate rear apron plug. This feature 
prevents unauthorized operation if no 


plug is inserted into the Argonaut but 
may be eliminated if desired. 

To install the 11-pin jack, J1, on the 
rear panel of the Argonaut, it will be 
necessary to relocate the adhesive serial 
number and the existing rf output jack. 


Space is limited, but with judicious place¬ 
ment, sufficient clearance for the re¬ 
located rf output jack and J1 is available. 
A resistor and a capacitor are soldered to 
the Argonaut microphone jack; relocate 
these with the mike lead to pin 5 of J1. 

operation 

For ssb, the mike connector is brought 
out to the Argomate front panel for 
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fig. 7. Pictorial representation of chassis connections. 




convenience and easier accessibility. The 
Argonaut mike connector is not used 
when operating the Argomate; however, 
the speech compressor may be bypassed 
on the Argomate front panel by SI. The 
Argonaut mike jack is reconnected to pin 
5 of J1 only. The Argonaut mike PTT 
line remains connected to the keying line 
and is additionally connected to pin 4 of 


Use of the Argomate will not require 
modifications to an external linear ampli¬ 
fier as long as the linear can accept the 
increased duty cycle when operating the 
ssb speech compressor. The Argomate 
mike gain and Argonaut ssb drive controls 
can be easily adjusted for the most 
effective speech compression and in¬ 
telligibility. 
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fig. 8. Details of component interconnections. 


J1. For ssb operation without the Argo¬ 
mate, the Argonaut mike connector is 
activated by the jumper wire in plug PI. 

On CW, full QSK operation is retained 
with or without the Argomate. The Argo¬ 
naut key jack and ssb PTT controls 
remain activated when the Argomate is 
connected. 

The Argonaut and Argomate phone 
jacks are connected in series; therefore, 
phones or an external speaker may be 
connected directly to either jack, which 
disables the Argonaut internal speaker. 
With no phones or speaker connected 
externally to either the Argonaut or 
Argomate, the Argonaut internal speaker 
remains connected. 


use with separate transmitter 
and receiver 

For use with a separate transmitter 
and receiver, the Argomate can easily be 
adapted with cables to each by addition 
of a separate multi-connector plug. Since 
the speech processor, keyer, and audio 
filters can be controlled independently, 
only those functions desired need be 
included in the Argomate. However, the 
design shown here has the advantage of 
requiring only a single +12-volt power 
supply for all functions, while providing 
the most essential improvements on both 
transmission and reception for the most 
discriminating ssb and CW operator. 
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mobile operation 

The Argomate can tolerate supply 
voltages to about + 18 volts; however, if 
the Argonaut/Argomate combination is 
used for mobile work, care must be taken 
to ensure that the alternator or regulator 
output of the car's electrical system is not 
higher than the recommended Argonaut 
supply voltage, +14 V. To provide proper 
voltage regulation when a voltage dropper 
is needed, the voltage drop must be 
independent of the difference between 
the current drawn on transmit and re- 


V 


CAR 

BATTERY 




ARGONAUT 


ARGOMATE 

fig. 9. Use of silicon 
diodes between car bat¬ 
tery and Argomate/Argonaut for mobile opera¬ 
tion (see text). 


ceive. This implies that the voltage drop¬ 
per must have near-zero ohms internal 
impedance. This is easily accomplished by 
using a series of silicon diodes from the 
car battery (or cigar lighter) to the 
Argonaut +12 V supply input, as shown 
in fig. 9. To determine the number of 
diodes required, measure the battery volt¬ 
age with the engine running, and figure 
on 0.6 volt drop across each diode (0.3 if 
germanium diodes are used). Each diode 
should be rated for at least three times 
the maximum current drawn by the 
complete installation in the transmit 
mode. 
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PREPARING 

FOR A 

OSCAR 7 : 


432 MHz UP-LINK 

TX: 144 to 432 MHz 

Varactor Tripler 
MMV432 $75.20 

ANT: 17.3 dB Multibeam 
70/MBM46 $47.50 

145 MHz 

DOWN-LINK 

RX: 2 to 10 Meter 
Converter 
MMC144 $53.70 

435 MHz 

TELEMETRY 

RX: 435 MHz to 10 Meter 
Converter 
MMc432 $64.45 


IMPROVE YOUR RECEPTION WITH 
KVG CRYSTAL FILTERS 


XF9A SSB 

2.5 kHz BW 

5 POLE 
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XF9B SSB 

2.4 kHz BW 

8 POLE 

$45.45 

XF9M CW 

500 Hz BW 

4 POLE 
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CRYSTALS 


XF901 

8998.5 kHz 

USB 

$3.80 

XF902 

9001.5 kHz 

LSB 

$3.80 

XF903 

8999.0 kHz 

CW 

$3.80 

F*05 CRYSTAL SOCKET 


50if 
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low-cost 

monitor 

for two-meter fm 


How to convert 
fm broadcast 
receivers to 
144-MHz 
fm service 


If you are an avid fm repeater user, you 
have probably had occasion to wish you 
could monitor the frequency at your 
leisure, without having to blow your 
bankroll on an expensive vhf monitor 
receiver. This article proposes an alterna¬ 
tive: converting an fm broadcast band 
receiver to the vhf high-band. If you have 
a little-used a-m/fm portable or even an 
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old clock radio lying around the house, 
chances are that it can be converted to 
two meters. I have performed such sur¬ 
gery on several fm radios with surprising 
success. An additional benefit is being 
able to monitor police and public service 
broadcasts as well. The basic modification 
is quite simple and straightforward and 
should be easy to complete on most fm 
radios. 

The superheterodyne circuit used in 
fm broadcast radios primarily uses two 
tuned elements to make the receiver tune 
a particular band. Those elements are the 
LC tank circuits in the rf amplifier/pre¬ 
selector and in the local oscillator. This 
means that all you must do to change the 
received frequency is to vary the range of 
the resonant frequency of the preselector 
and the local oscillator tanks. This can be 
done easily if, the radio uses transistors 
that will operate well at the higher 
frequency, and the radio has sufficient 
sensitivity at the higher frequency to 
enable you to hear the vhf transmissions. 
It is also very important to have readable 
schematics, as this helps considerably in 
making the proper modifications. 

A good rule-of-thumb guide for select¬ 
ing a receiver to modify is to find a recent 
receiver model {implying better high fre- 
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quency transistors) with excellent sensi¬ 
tivity. A good way to judge sensitivity is 
to retract the antenna all the way — or 
disconnect it altogether - then try to 
tune in an fm station normally. If you 
still receive most stations at full quieting, 
then the receiver should perform well 
with the weaker signals present in the 
public service and amateur bands. How¬ 
ever, don't expect the superior sensitivity 


converter (which serves the dual purpose 
of local oscillator and mixer). The rf 
amplifier is originally designed to tune 88 
to 108 MHz, tracking with the local- 
oscillator tuning. This must be changed to 
cover the range of 140 to 160 MHz, 
providing a central frequency of about 
150 MHz. You can achieve this by de¬ 
creasing either the capacitance or the 
inductance of the rf tank. However, 


C4 C5 



o o 


fig. 1. Typical rf amplifier and converter stages found in modern fm broadcast radios. In the rf 
amplifier (A), LI and Cl form the tow-Q input tuned circuit and L2 f C2 and C3 make up the higtvQ 
output circuit. In the converter stage (B), local oscillator tuning is controlled by C6, C7 and L4. 


and selectivity of a $150 crystal control¬ 
led, dual-conversion receiver. 

the modifications 

Most of the fm radios currently in use, 
use some variation of the rf amplifier and 
converter circuits shown in figs. 1A and 
IB, respectively. These two circuits nor¬ 
mally precede the a-m section of the 
receiver. Bandswitching disables the fm 
section and changes the role of the first 
two transistors in the a-m section from i-f 
amplifiers to an a-m band rf amplifier and 
converter, respectively. The modifica¬ 
tions, then, will be directed at the fm 
portions of the radio only, leaving the 
a-m section substantially unchanged. 

The primary modification is to the 
inductances in the rf amplifier output 
tank and in the oscillator tank of the 


reducing capacitance will also have the 
undesirable effect of reducing the tuning 
range since the main tuning capacitor is 
not changed. Thus the inductance must 
be lowered. This will expand the tuning 
range somewhat, but will not seriously 
limit receiver performance, 

A quick calculation from the resonant 
LC formula shows that to increase the 
resonant frequency by a factor of 1.5 you 
must decrease the inductance by a factor 
of roughly 0.5. Of course, this could be 
done by removing the coil presently 
installed and replacing it with one of half 
the inductance. To make matters simple, 
all you have to do is duplicate the coil 
and place it in parallel with the present 
one. 

Take a look in the radio you have: the 
coils should be about three or four turns. 
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either air wound or on a plastic coil form 
about 3/16-inch (4.8 mm) in diameter. 
You may need to do a little visual circuit 
tracing to find the exact coils involved. 
The precise dimensions of the new coil 
are not too critical, as the inductance can 
be changed quite a bit by compressing or 



fig. 2. Layout of the main tuning capacitor. 
Preselector and local*oscillator trimmers for the 
fm section are marked on top. An unused 
connection to the high side of the preselector 
trimmer is at (A); the corresponding connection 
for the LO trimmer is at (B). A ground strap for 
the modifying coils is available at (C). 

expanding the turns of wire. Three or so 
turns of number-20 bare wire was found 
to work well on various radios. 

The same technique is used to raise the 
local oscillator frequency. It doesn't go 
up by quite the same factor, so you might 
want to use a half turn or so less for this 
coil. 

The next thing to decide is where to 
place the coil. Shown in fig. 2 is the 
tuning capacitor module commonly 
found in these a-m/fm radios. It has four 
sections, two of each rf and oscillator 
tuning for the a-m and fm sections. The 
four trimmer capacitors in the top of the 
case each adjust one section of the main 
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ganged capacitor. As seen in fig. 1, one 
side of each capacitor is connected to 
ground. As both fm trimmers have con¬ 
nections appearing on the top of the case, 
this is probably the easiest place to 
mount the two new inductors. Placing 
them across the trimmers to ground 
amounts to paralleling them with the 
original inductors. The pictorial in fig. 3 
shows the placement of the new induc¬ 
tors. Note that they are placed so that the 
axes are 90° apart. This minimizes coup¬ 
ling between the two stages. 

One word of caution: some receivers 
are designed so that the unused lead of 
the trimmer capacitor is not at dc ground. 
If you have such a receiver, install a 0.001 
/uF ceramic disk dc blocking capacitor in 
series with the new coil to prevent dam¬ 
age to the radio. Better yet, choose a 
capacitor with leads longer than 2Vi 
inches (64 mm) and form the coil from 
one of the two leads. 

alignment 

Rough alignment is really fairly sim¬ 
ple, and it will probably be quite suf¬ 
ficient if you only wish to tune one small 
band of frequencies, such as 146 to 148 
MHz. First you need a fairly strong signal 
at the frequency you are trying to tune. 
A dummy-loaded transceiver should suf¬ 
fice for setting up the two-meter band, as 
most dummy loads have a little rf leak¬ 
age. If this method is not convenient, you 
may be able to use transmissions on 
radiotelephone at about 150 MHz, or 
even your local repeater. 

With the signal source turned on, 
adjust the main tuning dial to a con¬ 
venient location near the middle of its 
tuning range. Then, with a small screw¬ 
driver, carefully turn the local oscillator 
trimmer until the signal source is well 
tuned in. If you can't find the signal, try 
adjusting the inductor by compressing or 
expanding the windings. Then repeat the 
above procedure again. You may need to 
rewind the coil if you still have difficulty. 
If you have a variable signal generator or 
a grid-dip oscillator, use it to find where 
you are tuned. Remember that you 


haven't adjusted the preselector yet, so 
you should be receiving two frequencies: 
the desired one and its image. The local 
oscillator will be between these two 
frequencies. 

Assuming, then, this alignment has 
been accomplished, the preselector must 
be set up. This is easy. Leaving the signal 
source on and the radio tuned in to it, 
adjust the preselector trimmer for maxi¬ 
mum signal. Since the tuning of this tank 
circuit is coupled through the converter 
transistor to the local oscillator tank, 
there will be some interaction, so go back 
and retouch the oscillator trimmer. Re¬ 
peat this procedure a few times. If you 
have difficulty with the preselector, use 
the hints given in the previous oscillator 
alignment. A grease pencil may be used to 
make reference marks on the receiver 
tuning indicator for the new band. 

This takes care of the initial alignment. 
You should now be able to tune in 
stations well on the band of frequencies 
around the one where the alignment was 
performed. But proceed with caution; the 
following "fine tuning" adjustments are 
much more difficult to make and may 
well require some specialized equipment. 
If you are satisfied with the sensitivity, 
selectivity and tuning range of your con¬ 
verted radio, you are finished with align¬ 
ment. For the more adventurous souls, or 
the perfectionist, read on! 

input tuned circuit 

The antenna input is normally a balun 
transformer with a tuned secondary as 
shown in fig. 1. The Q of this tank circuit 
is low, broadbanding its response, and it 
primarily provides protection from fre¬ 
quencies considerably removed from the 
fm band. This circuit can best be retuned 
by removing the capacitor and substitu¬ 
ting one of half its value. 

tracking 

If you wish to tune the entire public 
service band, proper preselector tracking 
needs to be taken into account. Tracking 
refers to the fact that for proper tuning 
the preselector must be tuned exactly 


10.7 MHz away from the local oscillator 
frequency. When originally manufac¬ 
tured, your fm radio was adjusted to do 
just that. 

Normally, the receiver is designed to 
have three points of perfect tracking, 
shown as zero tuning error in fig. 4. 



AXIS OF 
ADDED P-S 
COIL 


fig. 3. Mounting the new coils. The coils should 
be soldered between the unused trimmer tabs 
and the ground strap with their axis at right 
angles. 

Tracking varies over the tuning range 
because of the interaction of the two 
steps. 

Since several of the component values 
have been changed (as well as the oper¬ 
ating frequency), you can presume that 
the preselector no longer tracks the re¬ 
ceived frequency. The solution is to 
adjust the value of the preselector in¬ 
ductance, then readjust the preselector 
trimmer capacitor until the receiver more 
or less tracks in the range of interest. 

Pick two points on the dial to adjust 
the tracking, one at the high end and one 
at the low end. If you have access to a 
signal generator, any alignment points 
will do. If not, set the tracking at two 
discrete frequencies to which you wish to 
listen. Alternately adjust the preselector 
inductance (by compressing or expanding 
the coil turns) and the preselector trim- 
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mer capacitor at both high and low ends 
of the dial until the preselector stage 
tunes properly at both points. 

i-f selectivity 

As the commercial fm broadcaster uses 
75-kHz deviation, broadcast receivers use 
an i-f bandwidth of about 150 to 200 
kHz. Likewise, the detector is broadband. 
There are two methods of achieving this 
broadband response in the i-f stages: 
stagger tuning and resistive loading of the 
tuned circuit. 



fig. 4. Points of perfect tracking, showing the 
three points of zero tuning error, where the 
tuned frequency (determined by the sum of the 
10.7'MHz i-f plus the oscillator frequency) 
equals the preselector center frequency. 

In stagger tuning, stages are purposely 
misaligned to yield an overall wide pass- 
band. This technique naturally decreases 
the total gain of the i-f system. Here the 
selectivity can be improved by tuning the 
i-f stages to the same frequency while 
receiving a fairly weak station or other 
fm-modulated signal source. Take care 
that the increased gain produced by your 
retuning does not cause oscillation, even 
if it means detuning one or more stages. 

With resistive loading, a resistor is 
normally placed in parallel with the in¬ 
ductor, although sometimes the effective 
resistance may be in the coil itself in the 
form of small wire size and a large 
number of turns, or in the loading effect 
of the transistor. The only modification 
that is practical here is to clip out the 
discrete loading resistor. This should be 
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done only if the resistor is not part of the 
transistor bias circuit. 

Frequently a combination of stagger 
tuning and resistive loading is used. It is 
likely that retuning the stages will be 
sufficient. 

automatic frequency control 

For some reason most fm radios are 
equipped with afc. This was great in the 
days of thermionic emission devices 
(tubes) where the source of instability 
was extremes of temperature as the fila¬ 
ments heated up. In transistor equipment, 
the afc circuit is more of an advertising 
point, and frequently introduces hys¬ 
teresis, making tuning more difficult. 
While this is no real disadvantage for 
200-kHz wide fm broadcasts, it is def¬ 
initely harmful when trying to tune inter¬ 
mittent transmissions only 10- to 30-kHz 
wide. In the first radio that I modified, a 
poorly designed afc system actually pull¬ 
ed the local oscillator off frequency after 
each transmission began! The afc will also 
pull the receiver off a desired transmis¬ 
sion onto a strong undesired one if it is 
within its range. 

To disable this circuit, simply cut out 
the afc coupling capacitor, C afc , shown in 
fig. IB. This capacitor couples the capaci¬ 
tance of the afc transistor, which varies 
with the magnitude of feedback, from the 
fm detector circuit. Clipping it out will 
only affect the tuning of the local oscil¬ 
lator tank and will not affect any dc 
components in the afc or detector circuit. 
The local oscillator should normally have 
sufficient stability to preclude serious 
drifting. 

conclusion 

It is hoped that this article has pro¬ 
vided a simple way of monitoring two- 
meter transmissions. Converting a radio 
for a friend is a great way to give him a 
taste of two-meter operating. Per¬ 
formance should be adequate for casual 
monitoring, though selectivity and sensi¬ 
tivity will not be as ideal as in an 
expensive transceiver. 
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wide-range 

broadband 


Distributed amplifier 
principles 
are put to use 
in a small package 
that provides 
18 dB gain 
from 1 to 36 MHz 


Broadband rf amplifiers are becoming 
quite common nowadays with the avail¬ 
ability of ferrites and transistors with 
high gain-bandwidth products. The cur¬ 
rent fad is to spend all your design time 
on the ferrite transformers so that the 
50-ohm output impedance can be trans¬ 
formed to some higher impedance that 
may serve as a reasonable collector or 
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amplifier 

drain load for the transistor or fet you 
use. Such transformer design is beyond 
the ken of most hams, even if they could 
get the required ferrite cores. The general 
principles of broadband transformer de¬ 
sign are described in two rather good 
articles. 1 - 2 Beyond these basic articles are 
a host of little practical tricks and facts, 
many of which are not available in text at 
all. One transformer manufacturer has 
gone to such lengths as to put a sheet of 
lead inside the epoxy case of his latest rf 
transformer when it was on loan to a 
large systems company so that the po¬ 
tential customer couldn't x-ray it to see 
how it was constructed (before quantity 
ordering). 

distributed amplifier 

The broadband amplifier described 
here does not use any special ferrite 
transformers, and uses plastic economy- 
type transistors. The construction tech¬ 
niques are easily within the ham-experi¬ 
menter's ability, and the finished ampli¬ 
fier has rather good performance for its 
cost. 

An old, neglected technique of broad¬ 
band amplifier construction was selected 
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because it requires no special parts. The 
distributed amplifier is the name by 
which this amplifier goes, and it dates 
back to 1937. The distributed amplifier 
was originally designed to be used with 
vacuum tubes, so that the input capaci¬ 
tance of each grid could be lumped with 
the shunt C of an artificial transmission 
line on the input side of the amplifier. In 
a like manner, the output capacitance of 
each anode was lumped with the shunt C 


be used in the distributed amplifier. The 
base-emitter junction is used in series to 
ground with the shunt C of the artificial 
transmission line. In this way it is the 
current through the shunt C of the 
transmission line that drives the base of 
the transistor - which is just what the 
bipolar transistor requires. Reference 4, 
which is now over ten years old, describes 
a practical amplifier of this type as well as 
the basic design equations. 



of an output transmission line. The basic 
distributed amplifier (with tubes) is 
shown in fig. 1. The gain contribution of 
each tube, in phase with the amplified 
wave as it passes down the artificial 
transmission line, adds to the contribu¬ 
tions of the other tubes. Therefore, the 
whole distributed amplifier acts as if the 
transconductances of the tubes were all in 
parallel; i.e., the stage gains add. 

bipolar transistor amplifier 

You can easily see how the principles 
for a vacuum-tube distributed amplifier 
could be almost directly applied to one 
using fets. This has been done, in fact, in 
a technical article that will soon be 
published by Siliconix, one fet manu¬ 
facturer. 3 It is a bit less obvious, how¬ 
ever, to see how the principle of the 
distributed amplifier can be applied using 
bipolar transistors. Fig. 2 shows the 
method by which bipolar transistors can 


The broadband amplifier shown in fig. 
3 was built using the method described in 
reference 4. Since ±15 volts is a rather 
common type of power supply nowadays 
(because of the wide use of operational 
amplifiers), the amplifier was designed to 
operate on this source of power. The 
transistor type chosen for the amplifier 
was the Motorola MPS-U05, a silicon npn 
type in a small plastic power package. 



Layout of the distributed amplifier showing the 
two delay lines. Input is to left, output to the 
right. 
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This transistor is truly a marvel of power 
handling and gain-bandwidth product, 
considering its cost is in the one-dollar 
vicinity. Fig. 4 shows how the gain 
bandwidth product and beta vary with 
current of the MPS-U05. 


transistor, mica washer, aluminum washer 
and aluminum plate clamping. Silicone 
grease was used in all these thermal 
interfaces to increase heat conduction. 

The inductors that make up the vari¬ 
ous L values in the artificial transmission 



fig* 2. Distributed amplifier using bipolar transistors. 


construction 

When constructing the distributed 
amplifier, note that the four transistors 
must have their collector tabs installed in 
a heat sink. In this design the heat sinks 
are 1/2-inch (127 mm) diameter alumi¬ 
num washers set into holes in the piece of 
copper laminate on which the circuit is 
built. The tabs of the transistors actually 
are mica insulated (electrically) from the 
aluminum washers, and the washers con¬ 
duct the heat from the transistors to the 
aluminum outer plate of the box chassis. 
Nylon 4-40 screws were used for the 



Plan view of the distributed amplifier showing 
the four transistor stages and home-made delay 
lines. Input is at right, output at left in this 
photograph. 


lines were wound on two 1 /8-inch (3.2 
mm) diameter lucite rods (one for the 
input 50-ohm line and one for the output 
50-ohm line). The dimensions of these 
multicoil structures are not at all critical. 
In fact, the first version of this amplifier 
was built using ten standard-value rf 
chokes and a handful of standoff termi¬ 
nals. The single rod, hand-wound coil 
structures were used simply to conserve 
space and save costs. 

The 100-pF capacitors in the two 
transmission lines should be silver-mica 
types. The DM5 version of silver mica is 
smaller and easier to use here, but larger 
types should work. The emitter-bypass 
and output-coupling capacitors should be 
low-inductance ceramic types. The Red¬ 
cap 0.1 -pF capacitors by Erie are just 
fine. It would be better to use 0.01 -pF 
ceramic disc capacitors (and have the low 
frequency end suffer a bit) than to use 
0.1 -pF capacitors of foil construction 
(mylars, etc.) if the low-inductance 
O.T/uF types cannot be readily obtained. 
Do not parallel capacitors for emitter 
bypassing. Such practice seems like a 
good idea, but usually results in a vhf 
parallel-tuned circuit, which causes the 
amplifier to take off. 
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There are three 1000-pF standoff or 
feedthrough-type capacitors in the ampli¬ 
fier. These are used in noncritical points 
in the circuit for getting into the box 
chassis or where a tie point is needed. The 
1000-pF standoff type is located at the 


should be tested. The amplifier should 
draw about 120 to 150 mA with ±15 
volts applied to it. The gain is about 18 
dB, flat to within 3 dB from 1 to 36 
MHz. The noise figure was measured only 
at 30 MHz with an A.I.L. automatic noise 


+ t 3V 
U20 mA) 


fig. 3. Practical amplifier circuit using inexpensive silicon transistors. The 



junction of the two 300-ohm emitter 
resistors of the first two stages. A 
1000-pF feedthrough type is located at 
the junction of the two 300-ohm emitter 
resistors of the last two stages and serves 
as the -15 volt connection to the outside 
of the box chassis. Between these two 
1000-pF capacitors is a piece of hookup 
wire with a ferrite bead on it to damp out 
a possible vhf parasitic resonant circuit. 
These ferrite beads are in common ama¬ 
teur use now and are available from 
Amidon Associates.* 

testing 

With the input and output terminated 
in 50-ohm test equipment, the amplifier 

'Amidon Associates, 12033 Otsego Street, 
North Hollywood, California 91607. 


figure meter; it was 8 dB. The amplifier 
was capable of putting out +20 dBm, or 
100 milliwatts before a compression of 1 
dB was encountered. In fact, by increas¬ 
ing the 300-ohm emitter resistors to 1 
watt and using ±30 volt supplies and 
higher-voltage MPS-U06 transistors, it was 
possible to get 1 watt output before 1 dB 
compression set in. 



Side view of the distributed wideband amplifier 
showing position of delay lines. 
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applications 

Assuming a careful job of construction 
and testing as described above, you now 
have a broadband hf amplifier. What can 
be done with it? The first thing that may 
come to mind is its use as a preamp for hf 
receivers from 160 through 10 meters. 


The broadband amplifier finds its 
principal use as an auxiliary to test 
equipment — as a preamp for a frequency 
counter, for instance, so that the counter 
can be used to measure the frequency of 
signals too small in level to operate the 
counter input stages. 



fig. 4. Dc current gain and gain-bandwidth product of the Motorola MPS-UOS transistor used in the 
wide band amplifier. 


However, putting an 18-dB preamp ahead 
of most hf receivers will usually cause 
more problems than it will solve. The 
extra 18 dB will reduce the dynamic 
range of the total receiving system by 
nearly 18 dB, unless the receiver has an 
incredibly bad noise figure. (I have oc¬ 
casionally run into hf receivers with noise 
figures as high as 15 dB.) The preamp will 
appear to "add distortion," whereas we 
know from measurements that it won't 



fig. 5. Construction details of the delay-line 
inductors. 

go into nonlinear operation until a signal 
of over zero dBm is present at its input. 
The apparent distortion in the preamp is 
caused by the gain of the preamp increas¬ 
ing signal levels further down the amplifi¬ 
cation chain in the receiver. 

44 S3 april 1974 


In building up systems of available 
circuit blocks, the 50-ohm input and 
output, 18-dB gain block is quite handy. 
It can be used to deliver the +7 dBm local 
oscillator input required to drive the L 
port of a double-balanced hot-carrier 
diode mixer, for instance; or it can be 
used to amplify the signal going into the 
R port or out of the I port of such a 
mixer. 

There are many other uses to which 
the broadband amplifier is uniquely 
suited, which involve swept frequency 
reception and transmission. These tech¬ 
niques are not in general legal for hams to 
use on the air, but can be useful iri test 
and measurements on the bench. 
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or a scope, feed the antenna system and 
note the position of the meter needle or 
amplitude of the scope display. Note the 
thermo-milliammeter reading. Now insert 
resistance in series (always keeping the 
voltage constant) until the current de¬ 
creases to one-half. The inserted R now 
equals antenna R. 

In the absence of a thermo-milliam¬ 
meter, use an rf voltmeter across the 


u fig* 1. Solving for 

capacitive reactance* 
Method requires an 
accurate capacitor 
meter* 

40 FT 
(t2 2H) 


& 



GRID-DIP 
METER 


antenna. Again, keeping exciter voltage 
constant, add resistance until the rf volt¬ 
age across the antenna is one-half. (R an t 
= Radded-i We used the field-strength 
section of an swr meter for our rf 
voltmeter. We unscrewed the telescoping 
antenna and connected a 20k resistor in 
its place then connected the assembly 
across the antenna to ground. We ad¬ 
justed for full-scale reading with no added 
resistance and used a vtvm across the 
exciter. Holding V exciter constant, we 
added resistance until the meter across 
the antenna-to-ground circuit read half¬ 
scale. In the case of the 40-meter anten¬ 
na, we came out with a 100-ohm resistor 
in series with a 33-ohm resistor. The 
previous bridge measurement was 142 
ohms. And that's about as close as you 
are going to get. (Actual measurement of 
the two resistors was 131 ohms.) A dc 
milliammeter, resistor, capacitor, and rf 
diode will work in either or both posi¬ 
tions of the above (see fig. 2). 

The accuracy of this kind of measure¬ 
ment hinges on the accuracy of the 



fig. 2. Simple circuit for measuring rf voltage. 

instrument used for making the "half" 
measurement and the added series resis¬ 
tors. Ours measured 131 ohms on dc. 
Carbon resistors might be slightly higher 
on 7 MHz. Accuracy of the exciter 
voltmeter is not important, as it merely 
has to be kept constant. Fig. 3 shows the 
setup. 

This measurement method will give 
you a ballpark estimate near enough so 
that applying the results to the im¬ 
pedance-matching data in reference 1 will 
give unity swr with a bit of tweaking. 

references 
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fig. 3. Test equipment for determining antenna 
resistance (40-meter example). 
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vertical 

radiation patterns 


The effect 
of height 
on vertical antenna 
radiation patterns 


Various antenna articles have shown that 
it is possible to use almost any height 
vertical, from very short ones to ones 
which are relatively tall. For our purposes 
this range of heights includes electrical 
lengths (h/X) from an hA of about 0.1 to 
0.3. These ratios correspond to antenna 
heights from about 30 to 80 feet (9.1 to 
24.4 meters) at 3.8 MHz. In this article I 
will compare the vertical radiation pat¬ 
tern of verticals in this height range. For 
purposes of this discussion I will assume 
that the horizontal radiation pattern is 
omni-directional and of no further in¬ 
terest. 

Some antenna articles have indicated 
that the low-angle vertical radiation pat¬ 
tern for tall vertical antennas is much 
better than for short ones. This is a 
situation that I'll examine in this article, 
and will show that on the basis of 
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comparison usually used, the low-angle 
vertical radiation patterns for both short 
and tall vertical antennas are essentially 
identical. For antennas taller than 0.3X 
there is some improvement at certain 
radiation angles but also degradation in 
field strength at other radiation angles. 
Data on this will also be provided. 

The vertical radiation angles of interest 
will be in the range from just above the 
horizontal (zero degree) through angles of 
up to 30 degrees. These are the radiation 
angles of interest for DX work on the 
80-meter band. Although the far distant 
pattern will have a drop in signal strength 
near zero degree because of ground losses, 
primarily beyond the antenna radial 
system, the vertical radiation pattern of 
signals launched near the antenna and 
radial system is the topic of discussion in 
this article. 

To compare the vertical radiation pat¬ 
terns of verticals of various heights, it is 
necessary to calculate the signal strength 
for each antenna at a fixed distance from 
each antenna at several radiation angles 
between zero and 30 degrees. It is also 
necessary at the same time to take into 
account various other factors, some of 
which are the same for each antenna, and 
some which vary with antenna height. 

Equation 11-95 from page 314 of 
John Kraus's book, Antennas 1 includes 
all of the factors necessary to carry out 
the task just outlined, and his equation 
applies to the situations being considered 
here. The equation, with slight changes in 
notation for clarity, is 
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E(a,r) = ^~ 7 


W 


R'oop + Rground 


costfh Sina i -cos(?h „ olts/meter 
cos a 

This equation gives the vertical radiation 
pattern for a vertical of height h, at an 
elevation (radiation) angle a, at a distance 
r meters, for a power W watts, for 
resistances R| 0 op and Rground ohms. 
This situation and some of these terms 
are illustrated in fig, 1. Not shown is the 
antenna current distribution, a current 
element, or other items used to derive the 
equation for E, the field strength in volts 
per meter. 

Now consider the various terms in the 
equation. The number 60 is a constant, so 
will be the same for all of the calcula¬ 
tions. Since I want to calculate the field 
strength, E, at some arbitrarily fixed 
distance. I'll let r = 1 mile, which is 
(5280/3.28) = 1610 meters, so this term 
is also fixed at this value. Antenna books 
often use a distance of 1 mile and a 
power output of 1000 watts as a basis for 
comparison of antennas, 

The term W is the power in watts 
going into the antenna radiation resis¬ 
tance and into the ground resistance. I'll 
use W = 600 watts to be representative of 
the amateur situation with a power input 
of 1000 watts. W is the transmitter power 
output less any losses in your antenna 
tuner, in the feedline between tuner and 
antenna matching network, or in the 
antenna matching network. For this arti¬ 
cle, I will neglect network losses and 
ground losses. Their influence on field 
strength and the radiation pattern will be 
considered in a later article. 

There are two resistance terms in¬ 
volved, R, oop and R 

groun d• Rioop can 

be obtained from my previous article 2 by 
means of the equation 

Rioop = Rpase X sin 2 j3h 

The resistances R base and R| 00P are 
small values for short antennas, are both 
equal to 36.56 ohms for hA = 0.25, and 
are larger values for hA = 0.3 or greater. 


Rground |S the earth ground loss resis¬ 
tance. The ground losses are more im¬ 
portant for short antennas where R| 00 p is 
small. 

For example, if R, oop = R ground , 
then half of the power, W, will go to the 



fig, 1. Vertical antenna radiation. For a discus¬ 
sion of the terms and their use in the field- 
strength formula, see the text. 


antenna to be radiated as a useful signal, 
and half will be used to heat up the 
ground which, of course, is not our 
objective and field strength will be af¬ 
fected accordingly. The last term in the 
equation is 

cos (ffh sin a) - cos @h 
cos a 

This term depends on (3h = <27rA)h, and 
a, the vertical radiation angle. For a given 
frequency, X is constant, so /3h depends 
directly on the antenna height, h. 

This term is plotted in some antenna 
articles and is then used as the basis to 
claim that tall verticals are much better 
than short verticals, since this portion of 
the equation does, by itself, favor tall 
verticals as far as low-angle radiation is 
concerned. It is, however, not realistic 
nor correct to consider only this term and 
to neglect the other terms discussed 
earlier. Now consider why using only the 
last term is incorrect. 

In more simplified but correct terms 
the Kraus equation is 

e<x yf^< h ' a > 

The right after the E says that E is 
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proportional to both V W/R and to f(h, 
a). Here R = R| 00p 



This form for E, being proportional to 
the current, I, and f(h,a), is often given in 
antenna books. If only f (h,a) is plotted, it 
assumes a constant cur¬ 


ence in the vertical radiation pattern. This 
is the essence of the entire article. 

The results here are in agreement with 
those in most antenna books and articles, 
such as in Kraus, Antennas, page 317, 
figure 11-36, 1 or in Harmon, Proceedings 
of the IRE, January, 1936, pages 42-44. 3 
Both of these show the sky-wave signal 


rent, I. But since pow¬ 
er, W, is constant, and 
the resistance, R, is 
smaller for short anten¬ 


table 1. Field strength for various height vertical antennas in 
millivolts per meter at one mile, power output = 1000 watts 
(multiply these values by 0.78 for 600-watts power output). 

height vertical radiation angle 


nas, a constant current 
is not consistent with 
the equation W = l 2 R 
for our situation. Per¬ 
haps a better way of 
saying this is that to use 
E « f (h,a) only as¬ 


degrees 

wavelength 

0° 

10° 

20° 

30° 

0 
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50° 

360° 

1.0 
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0 
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270° 

0.75 
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0 
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230° 

0.64 
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60 

0 

190° 

0.528 
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180° 

0,50 

236 
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0 

01 

0.25 
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140 

110 
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186 

190 

180 

160 

140 

110 


sumes a constant cur¬ 


rent, rather than a constant power. For 
the amateur situation, a constant power is 
a much more realistic assumption. 

For a constant power, \J~ W/R goes up 
as hA becomes smaller since R becomes 
smaller for short antennas. At the same 
time f (h,a) becomes smaller, and the two 
terms tend to offset each other, which is 
why E does not change much when 
constant power is assumed. 

A simple non-mathematical argument 
about why E is essentially the same in 
both cases would be worthwhile. For a 
short antenna, E at a distance is due to 
the contribution of a few current ele- 


patterns from verticals of various heights 
for a fixed distance and power as being 
similar to fig. 2 presented here. 

Important assumptions used here were 
that W = 600 watts was a constant, and 
the Rg rou nd = 0 ohms. In a later article 
I'll develop Rg round for various radial 
systems, and will also show the effect of 
network losses reducing input power to 
the antenna. The reduced power and 
non-zero values of Rground will reduce 
the field strength of a short vertical as 
compared to a tall one. 

What is important is that field strength 
is not better for a tall vertical due to the 


ments, each with high current, while the f(h,a) term alone, but that the entire 
signal from a tall antenna is produced by Kraus equation and correct assumptions 


many current elements, 
each with lower cur¬ 
rent. 

E (a, r) was calcula¬ 
ted in a few minutes 
time on an HP-35 pock¬ 
et electronic calculator 
for hA of 0.1, 0.2 and 
0.3, and for a = 0°, 
10°, 20° and 30°. The 
results are given in fig. 
2. This graph shows 



£ (VOLTS PER METER) 


t a or cons an power fig. 2 . Vertical radiation pattern vs the height of a vertical 

the height of radiator antenna. Height in this graph is given as a ratio of the 

makes very little differ- operating wavelength, h/X 
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and data must be used to make a valid 
comparison. 

This still doesn't answer the basic 
question of what height antenna to use or 
which height is better. Since the pattern 
versus height doesn't really matter, the 
important factors turn out to be earth 
and network losses and bandwidth. Once 
we know about earth losses it will be 
possible to answer the original set of 
questions and select an antenna height. 

However, from a radiation standpoint, 
I have shown that a 0.1X vertical {or less) 
is essentially the same as one 0.3X or X/4 
wavelength tall. Furthermore, a X/2 verti¬ 
cal is inferior to a X/4 at radiation angles 
above 30°. It is 0.8-dB better at 10° and 
0.4-dB better at 20°. 

A 5/8X vertical is inferior to a X/4 at 
radiation angles above 20°. It is 0.7-dB 
better at 10°. 

A IX vertical has very little radiation 
below 30°, but is 1.2-dB better than a X/4 
at 30°. Thus, you would have to put up a 
250-foot (76.2-meter) vertical at 3.8 MHz 
to get about 1-dB gain for medium 
distances, and with poor DX perform¬ 
ance. 

There are cases where tall verticals are 
useful. For example, Ballantine showed 
back in 1924 s that a vertical antenna 
approximately 5/8X tall provided the 
maximum ground-wave signal, which is 
important for broadcast stations (most 
broadcast stations use a vertical some¬ 
what less than 5/8X tall to reduce night¬ 
time sky-wave interference problems). 
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Two real 
good buys! 


RCA CMCT30 
2 Meters 

Transistorized power 
supply, partially transis¬ 
torized receiver, 30 watts, 
12 volt, fully narrow 
banded, complete with 
accessories ... 

$ 98 

less crystals and antenna 

RCA CMCT60 
2 Meters 

Transistorized power 
supply, partially transis¬ 
torized receiver, 60 watts, 
12 volt, fully narrow 
banded, complete with 
accessories... 

*158 

less crystals and antenna 
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CW regenerator 


for 

interference-free 

communications 


Here's a slick 
CW regenerator circuit 
that uses a 
phase-locked loop 
to provide a 
virtually QRM-free, 
single-frequency output 
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The circuit described here should be of 
interest to all CW enthusiasts. It is a new 
approach to the old dilemma — how do 
you listen comfortably to a CW station 
deeply imbedded in noise, hash and inter¬ 
ference? The way this is achieved is to 
detect one particular CW transmission 
and key an independent oscillator with 
the received signal. The input and output 
frequencies may be different. The result 
is similar to a very narrow CW filter. The 
main difference between the regenerator 
circuit and a passive CW filter is the 
flexibility of the active circuit and the 
virtually single-frequency output. Such a 
clean, interference-free output cannot be 
achieved with a passive filter. 

The circuit presents an improvement 
over a passive filter in a certain signal-to- 



Chassis layout of the CW regenerator. Vector 
circuit board is mounted vertically, near thi 
front panel. Power supply components arc 
located at the rear. 
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noise range. Because the active circuit 
requires a minimum threshold signal 
voltage to operate, it will fail for extreme¬ 
ly poor signal-to-noise ratios. Relative to 
other means its performance is best for 
intermediate to good signals. The circuit 
was tested by the authors with both 
Allied-Radio Shack SX-190 and Heathkit 
SB100 receivers. Both receivers provided 
sufficiently stable and strong CW signals 
at the earphone or speaker jacks to 
operate the CW regenerator. 

The CW regenerator circuit consists of 
a signal amplifier, a narrowband frequen¬ 
cy detector and trigger, 
an oscillator, a gate and 
an output amplifier 
(fig. 1). The details of 
the circuit are shown in 
fig. 2. The incoming sig¬ 
nal is amplified by the 
transistor Q1 and its 
output coupled to the 
phase-locked loop U1. 

This integrated circuit 
has two states. In the absence of a 
triggering signal, its output (pin 8) pre¬ 
sents a high impedance to ground. In the 
presence of a triggering frequency, f Q , the 
output presents a low impedance to 
ground. 


circuit development 

The circuit has evolved through a 
number of stages. Our original idea was to 
use U1 only and to either trigger its 
internal oscillator or let it operate a low 
power buzzer. The results were only 
partially satisfactory. The dc transients 
caused considerable breakup of the out¬ 
put signal. The next step was to add a 
relay and later an fet gate to combat the 
dc transient problem. This resulted in 
some improvement but we found that the 
internal oscillator would cause transients 



fig. 1. Block diagram of 
schematic is shown in fig. 2. 


the CW regenerator. A complete 


while locking on the input signal. The use 
of a separate oscillator helped this situa¬ 
tion. As the next step, input and output 
amplifiers were added to provide simpler 
interfaces. 

construction 


fo “(R 4 + R5>C 3 

The bandwidth of this circuit is de¬ 
termined by capacitor C4 and is approxi¬ 
mately 10% of the center frequency with 
selected values. 1 Integrated circuit U2, 
another phase-locked loop 1C, is used as 
an independent oscillator; its frequency is 
determined by R9 and C8. The oscillator 
output is gated by the output of U1. The 
gate itself is a p-channel mosfet, Q2. 
Potentiometer R15 adjusts the dc voltage 
at the output of the gate to the same 
value as the dc voltage at the input. This 
minimizes transients. The output ampli¬ 
fier, U3, is a 1/4-watt audio amplifier 1C 
used to drive earphones or speaker. Resis¬ 
tors R6 and R20 and capacitors C6 and 
C13 are used to decouple the individual 
stages of the circuit. 


Most of the components, with the 
exception of the power supply, are con¬ 
tained on a 2’/2x5-inch Vector board. 
Although we could have used a printed- 
circuit board, it was found that point-to- 



Vector circuit board for the CW regenerator. 
U2 is located on small subassembly. Q1 is 
center left with U1 and Q2 to the right. 
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fig, 2, Schematic diagram of the CW regenerator. Integrated circuit U1 is a Signetics IME567 
phase-locked loop, U2 is a Signetics NE566 function generator and U3 is a Motorola C6003 audio 
power amplifier. 


point wiring on the Vector board af¬ 
forded the easiest type of construction. 
All the transistors and ICs are socket 
mounted, with U1 and Q2 sharing a 
16-pin DIP socket. The trimpot shown in 
the photograph is R15, This control, 
although not requiring frequent adjust¬ 
ment, might be better placed on the rear 
panel of the cabinet. Parts placement on 
the circuit board is not critical. 

The homebuiit cabinet is a simple 
5x5!4x3-inch aluminum cabinet of U-type 
construction. Many types of commercial- 
ly-available cabinets are suitable. The 
Vector board is mount¬ 
ed vertically toward the 
front with the power 
supply components at 
the rear. The control at 
the left on the front 
panel is the tune con¬ 
trol, R5, while R16, the 
gain control, is at the 
right. The toggle switch 
at the bottom center is the power on-off 
switch. The bypass switch is located at 
upper center. 

adjustment 

Adjustment of the CW regenerator is 
exceedingly simple as there is only one 
control to adjust, the gate balance con¬ 
trol, R15. With no signal input and a 
high-impedance voltmeter connected be¬ 


tween the gate and source of the mosfet, 
Q2, adjust R15 for zero voltage. This is 
the only non-operating adjustment re¬ 
quired. 

In operation, center the desired CW 
signal in the passband of the receiver with 
the function switch in the bypass position 
and the receiver audio gain control in the 
center position. Place the main switch in 
the regenerate position and adjust the 
tune control, R5, to lock in the signal. 
This should be an absolutely pure re¬ 
generated signal with the quality of a 
code oscillator. There will be no QRM or 


noise. With two or three signals in a 
pileup, the tune control will allow you to 
completely peel off the unwanted QRM. 
The gain control should be adjusted to 
provide a comfortable signal level. 

reference 

1. Signetics 567 — Tone Decoder Phase-Locked 
Loop data sheet and applications note, Sig¬ 
netics Corporation, Sunnyvale, California. 

ham radio 



fig. 3. Power supply for the CW regenerator. 


56 GB april 1974 









printed circuit 
standards 

Recently there has been a lot of 
interesting home-built equipment de¬ 
scribed in the amateur radio magazines. 
Frequently a firm offers ready-made 
printed-circuit boards to aid those readers 
who wish to duplicate one of these 
designs. Also, a lot of ready-made and 
kit-form equipment is now being offered 
in printed-circuit form, which the buyer 
can enclose as he chooses. Although these 
printed circuits come in all different sizes 
and shapes, the designer probably origi¬ 
nally planned to mount the board on 
spacers inside a Minibox of convenient 
size. After you have built a few projects 
of this type you find yourself with a 
small pyramid of various sizes of Mini¬ 
boxes, each with a power cord and other 
dangling wires. The organization and es¬ 
thetics of the hamshack would be much 
improved, not to mention the ease of 
constructing new projects, if a few stand¬ 
ards could be adopted for printed-circuit 
construction. 

Interestingly enough, there already 
exists a de facto standard in this area: a 
card width of 4.5 inches (11.4 cm). There 
are probably a dozen manufacturers of¬ 
fering card cages which fit into a 
5.25x19-inch (13.3x48.3-cm) rack panel 
space and accept cards up to 4.5-inches 
(11.4-cm) wide. A number of these card 
cages are adjustable for smaller widths 
but in any case this width is by far the 
most popular. For breadboarding pur¬ 
poses companies like Vector and Vero 
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tebook 

offer a wide variety of boards with 
various hole and etch patterns, with or 
without edge-connector lands, and all in 
the 4.5-inch (11.4-cm)width. Hence the 
first request is that printed-circuit design¬ 
ers try to confine themselves to a 4.5-inch 
width and that manufacturers of boards 
center narrower patterns on a 4.5-inch 
space. If the user wants to mount a 
smaller pattern in the smallest possible 
space he can always trim off the excess 
width. 

Most amateur equipment designs re¬ 
quire rf shielding so open-card-cage-style 
construction is not suitable. For a single 
project the Minibox enclosure is entirely 
satisfactory for most of us. With a 4.5- 
inch (11.4-cm) pattern the designer might 
want to use a 5.5-inch (14-crn) board 
width, which allows a half-inch (13 mm) 
on each side of the pattern for the screws 
and spacers used to hold the board to the 
cover of the box. For larger installations, 
both of the manufacturers previously 
mentioned offer a nice system of cases 
which mount in something similar to a 
card cage. An example of this kind of 
construction is illustrated in WA6JYJ's 
RTTY speed-converter article in the De¬ 
cember, 1971, issue of ham radio. 

These cases come in several different 
standard heights, one of which is designed 
for 4.5-inch (11.4-cm) cards. Of course, if 
you want to take advantage of this 
system of mounting multiple units you 
must standardize on one height. This 
packaging system is by no means as 
inexpensive as the Minibox, and it isn't as 
easily available from the corner radio 
store, but the cost is still small compared 
to the cost of what goes into the boxes 
and the items are readily available from 



the factory by mail order. If cost is really 
an obstacle you can home-make some¬ 
thing that looks just as nice and has the 
same standard dimensions but costs a lot 
less. 

Having suggested that a standard 4.5- 
tnch (11,4-cm) width will help us to build 
equipment more easily and uniformly, 
how about the other printed-circuit board 
dimension? There is really no need to 
standardize in this direction, for nothing 
says that cards mounted in an open cage 
or in cases have to all be the same length. 
Again, looking at the manufacturers' cata¬ 
logs we see that several different lengths 
are offered, but nothing much over nine 
inches (22.9 cm). Hence, if you can hold 
the length of a board to less than this, 
and choose cases or card cages big enough 
to hold a board at least this long, you can 
accommodate projects of all different 
sizes. 

A card cage might look funny with 
different-length cards sticking out of it, 
but you can cover them up with an 
attractive, hinged, front door. Then the 
only problem is how to extract a short 
card from between two longer ones; that 
is easily solved with a couple of holes in 
the front edge and a U-shaped piece of 
coathanger wire with the tips bent to 
form hooks to engage holes in the cards. 

Finally, what about external connec¬ 
tions to the cards or cases? The most 
popular scheme for cards in an open cage 
is the familiar card-edge connector that 
mates with lands etched on the board. 
These are available in an enormous 
variety of sizes and features but it is 
surprising how often you see connectors 
with 22 contact positions on 0.156-inch 
(4-mm) centers. These are available with 
22 contacts on one side or double-sided 
with 44. 

There are many options open for the 
external connections to cards mounted in 
boxes or cases. You could just run cords 
out the back of the case, or have a 
terminal strip on the back. This doesn't 
ease the old tangle of wires, but at least it 
doesn't show from the front. A more 
attractive possibility is to have a connec¬ 


tor on the back of the case which mates 
with a connector attached to the frame 
holding the cases. Then an encased unit 
can be removed for inspection with no 
dangling wires; and it can be operated in 
the removed position by means of an 
extension cord running from the plug on 
the case to the socket in the frame. Or, 
the socket can be left unattached to the 
frame so that the case can be pulled out 
for servicing without the use of an ex¬ 
tender. Again, there are many suitable 
kinds of connectors that are inexpensive, 
such as the ordinary octal plug. My own 
preference is for the 22-position card 
edge connector. This allows encased cards 
to be easily intermixed in the same frame 
with open cards. A card in a case has the 
usual edge-connector lands which project 
through a slot in the back of the case to 
engage the connector. This makes it 
unnecessary to run a lot of wires from 
some other kind of connector to the card 
inside the case. 

There are lots of ready-made experi¬ 
mental cards designed for this kind of 
construction that can be used either in 
cases or in open guides. Unfortunately, 
these are pretty high priced as compared 
to plain Vectorboard but they might 
occasionally be worth their price in the 
time they save. It's certainly a con¬ 
venience to be able to pull out a piece of 
equipment and plug another in its place 
for testing with no wires or cables to 
bother with. 

In summary, here are three recom¬ 
mendations for uniform packaging: 

1. Design printed circuit boards for a 
standard width of 4.5 inches (11.4 
cm). 

2. Keep the other dimension of the 
board to about 9 inches (22.9 cm) or 
less; if a project is too large for this 
size, use more than one board. 

3. If a printed-circuit edge connector is 
appropriate, use the kind having 22 
contact positions on 0.156-inch 
(4-mm) spacing. 

Jim Haynes, W6JVE 
april 1974 (SI 59 




solid-state ssb 
transceiver 



The new Atlas-180 ssb transceiver re¬ 
cently introduced by Atlas Radio offers a 
number of unusual features in an amateur 
high-frequency ssb transceiver. Most ob¬ 
vious, of course, is its extremely small 
size: 914 inches {24.1 cm) wide, 314 inches 
(8.9 cm) high, and 914 inches (23.5 cm) 
deep. Weight is a mere 7 pounds (3.2 kg). 
Packed into this small package is a com¬ 
plete all solid-state 180-watt PEP ssb and 
CW transceiver for the 20-, 40-, 80- and 
160-meter bands (crystal oscillator acces¬ 
sory available for MARS). The Atlas-180 
is ideal for mobile or portable operation 
since it operates directly from a 12- to 
14-Vdc source, negative ground, drawing 
200 to 400 mA in the receive mode, 16 
amps peak on transmit. An optional ac 
supply is available for home station use. 

The Atlas-180 uses modular construc¬ 
tion, including plug-in circuit boards, for 
ease of service and maintenance. Connec¬ 
tors on the rear of the transceiver are 
designed to plug into the mobile mount¬ 
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ing bracket, or into the AR-117 desk-top 
ac power supply, making transfer or 
removal a simple operation. 

The receiver in the new Atlas-180 
features sensitivity of less than 0.5 micro¬ 
volt (typically 0.25 juV) for 10-dB signal- 
plus-noise to noise ratio while providing 
excellent immunity to overload and cross 
modulation. The input signals are conver¬ 
ted directly to a 5520-kHz i-f without 
any preamplification. Selectivity is pro¬ 
vided by a 5520-kHz crystal lattice filter 
with a 6-dB bandwidth of 2.7 kHz and a 
shape factor of 1.7. Ultimate filter rejec¬ 
tion is 110 dB. Receiver image rejection is 
greater than 60 dB. Included in the 
receiver is an internal speaker, S-meter 
and 100-kHz crystal calibrator. 

Receiver and transmitter frequency 
control is provided by a highly stable vfo 
circuit. The tuning dial is calibrated in 
5-kHz increments and is easily interpo¬ 
lated to 1 kHz. Tuning rate is 15 kHz per 
revolution. 

The transmitter has several interesting 
features including a broadband design 
which eliminates transmitter tuning and 
single conversion from the i-f to the 
output frequency. Included in the circuit 
is ALC and infinite vswr protection. 
Input power is 180-watts PEP on ssb; 
output is 80 watts PEP minimum (100 
watts PEP typical). Unwanted sideband 
suppression is better than 60 dB at 1000 
Hz, and carrier suppression is more than 
50 dB below peak power. Intermodula¬ 
tion distortion is approximately 30 dB 
down and image outputs are more than 
40 dB below rated peak output. Har¬ 
monic output is more than 35 dB below 
rated peak power. 

Accessories available for the Atlas-180 
include the AR-117 table-top 117-volt ac 
power supply and mobile mounting 
bracket (deluxe plug-in and non-plug-in 
models available). Automatic VOX (CW 
semi-break-in), phone patch and other 
accessories will be announced in the near 
future. For more information, write to 
Atlas Radio Inc., Post Office Box A, 
Carlsbad, California 92008, or usec/iecAr- 
off on page 94. 
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antenna tower 
protection system 

A new system introduced by the Tow- 
tec Corporation automatically guards 
against tower and antenna damage from 
high winds. Called Towrgard, the system 
continuously monitors your local wind 
velocity. When the wind velocity reaches 
or exceeds the changeable, preset 35 mph 
limit (even on gusts) the system will 
automatically lower your motorized tow¬ 
er. Towtec also manufactures electric 
hoists for manual crank-up towers. 

The Towrgard system includes a com¬ 
puter/controller, a wind sensor and a 
bottom limit switch for automatic motor 
turn-off when the tower is nested. For 
more information on this automatic 
system, write to the Towtec Corporation, 
118 Rosedale Road, Yonkers, New York 
10710, or use check o ff on page 94. 


cambion catalog 

The new Cambion XQ Components 
Catalog illustrating various Cambion 
(CTC) components now available through 
retail outlets is now being offered at no 
charge. Many popular items are illustra¬ 
ted, such as terminals, jacks, plugs, 
handles, battery holders, 1C sockets, 1C 
breadboards, coils and rf chokes. 

Cambridge Thermionic Corporation, 
better known as CTC, has been a manu¬ 
facturer and supplier to industry of pre¬ 
cision electronic components for over 
thirty years and has just recently made its 
Cambion products available to the ama¬ 
teur and experimenter. Industrial, com¬ 
mercial, military and aerospace engineers 
use more than 20,000 different compo¬ 
nents in the Cambion line. Through this 
catalog the amateur and experimenter 
now have available the same quality and 
reliability. 

For further information on the new 
Cambion XQ Components Catalog, write 
to Cambion, Department XQ, 145 Con¬ 
cord Avenue, Cambridge, Massachusetts 
02138, or use check-off on page 94. 


NEW NEW NEW NEW 


Factory New Semtech Bridge 
Rectifiers 

ALL 10 AMPS 

50 Volt PIV $1.75 ea. 

100 Volt PIV $2.00 ea. 

200 Volt PIV $2.25 ea. 

400 Volt PIV $2.50 ea. 

All Postpaid USA 



NEW NEW NEW NEW 



Factory New Semtech Bridge 
Rectifiers. 

ALL 5 AMPS 

50 Volt PIV $1.25 ea. 

100 Volt PIV $1.50 ea. 

200 Volt PIV $1.75 ea. 

400 Volt PIV $2.00 ea. 

ALL POSTPAID 


Transformer, 115 VAC Primary, 12 Volt, 4 
Amp Secondary $4.00 Each ppd. 


Factory New Full leads. Fairchild RTL IC’s. 
uL 900, uL 914, uL 923. YOUR CHOICE 

3 for $1.00 ppd. 


IV 2 " SQUARE SPEAKER 

8 Ohm V.C. Heavy Magnet Made 
for Stereo Headsets. 50c Each ppd. 


Miniature Terminal Strips. 
1" Long x y 2 ff High. 3 
Term, plus Ground 

20 for $1.00 ppd. 



NEW NEW 

TRANSFORMER. 115 volt pri- 
mary, 12 volt V 2 amp second¬ 
ary. $1.50 ppd. 



DUAL SECTION ELECTROLYTIC 
CAPACITOR. 

100 mfd x 100 mfd Both at 
380 Volts. Common Ground. 
Ideal for Transceiver power 
supplies. $1.00 ea. ppd. 


TOROIDS — YOUR CHOICE — 88 mhy or 44 
mhy — 5 for $2.50 ppd. 


Transformer — 115 Volt Primary — 12 Volt 
1.2 Amp Secondary $2.45 ppd. 


JUST ARRIVED — Transformer, 115 VAC pri¬ 
mary, 18 volt, 5 amp ccs or 7 amp inter¬ 
mittent duty secondary $6.00 ea. ppd. 


General Purpose Germanium Diodes 
Similar to lN34a etc. 16 for $1.00 ppd. 

All Cathode banded. 100 for $5.00 ppd. 

Full leads. 1000 for $40.00 ppd. 


Transformer — American Made — Fully shield¬ 
ed. 115 V Primary. Sec. — 24-0-24 @ 1 amp 
with tap at 6.3 volt for pilot light. 

Price — A low $2,90 each ppd. 



400 Volt PIV at 25 Amp. Bridge 
Rectifier. 

$4.00 ea. or 3 for $10.00 ppd. 



6.3 Volt 1 Amp Transformer. Fully Shielded 

$1.60 Each ppd. 



SEND STAMP FOR BARGAIN LIST 
Pa, residents add 6% State sales tax 
ALL ITEMS PPD. USA 

m. lueSn/dienker 

K 3DPJ BOX 363 - IRWIN, PA. 15642 
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vhf preamp 


new r 

RINGO - 
RANGER I 


for Amateur FM 

Get extended range 
with this exciting new 
antenna. A one eighth 
wave phasing stub and 
three half waves in 
phase combine to con¬ 
centrate your signal at 
the horizon where it 
can do you the most 
good. 



6.3 dB Gain over % 
wave whip 


4.5 dB Gain over V 2 
wave dipole 

ARX-2 146-148 MHz 

$22.50 

ARX-450 435-450 MHz 
$22.50 

ARX-220 220-225 MHz 
$22.50 

Extend your present 
AR-2 Ringo with this 
RANGER KIT. Simple in¬ 
stallation. 


ARX-2K ..$8.95 


IN STOCK AT 

YOUR LOCAL DISTRIBUTOR 



* 

CORPORATION 


6f|l HAYWARD STREET 
MANCHESTER, N. H. 03103 



Hamtronics, Inc. has announced sever¬ 
al new products for the vhf buff. Of 
primary interest is a new improved ver¬ 
sion of the well-known cascode 6- and 
2-meter preamps described in articles in 
March, 1972, and January, 1973, issues 
of ham radio. The new units are 3/4-inch 
wide x 2-inches long x 1-inch high 
(19x51 x25-mm) so they will fit into 
almost any receiver or transceiver. New 
fets used in the preamp provide more gain 
and better noise figure while retaining the 
inherent stability of the cascode circuit 
which has made the Hamtronics preamp 
so popular. Amateurs like this unit be¬ 
cause they can tune it easily without 
worry about neutralization. 

With several thousand preamps now in 
the field, hams are reporting that even 
newer transceivers are improved by ad¬ 
ding a low-noise preamp ahead of the 
front end. Units are still $6.00 in kit form 
or $10.00 wired and tested, postpaid in 
the USA. Club prices are still available. 
Models are also available now for any 
frequency from 20 to 240 MHz, including 
10-meter Oscar reception. 

Other new products to be announced 
soon include a lower-cost, more-compact 
scanner device for up to four channels; a 
receiver kit for a-m reception on aircraft 
frequencies or 6 or 2 meters for net use; 
and 450-MHz receivers, preamps, and 
transmitters for fm. Also, kits are now 
available for the popular 5-watt audio 
amplifier, using an integrated circuit, as 
written up in an article appearing in 
September, 1972, ham radio. 

For more information, send a self- 
addressed, stamped envelope to Ham¬ 
tronics, Inc., 182 Belmont Road, 
Rochester, New York 14612, attention 
Jerry Vogt, WA2GCF, or use check-off 
on page 94. 
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digital voltmeter 

Now a low-priced, laboratory-quality 
digital voltmeter is available from MITS, 
Inc. The model DVM 1600 measures 
alternating and direct current in five j 
ranges from 0.1 mA to 1 amp. Ac and dc j 
voltage is measured in four ranges from 
one volt to 1000 volts. Measurement of 
resistance is in six ranges from 100 ohms 
to 10 megohms. 

The resolution in low ranges for volt¬ 
age is 10 mV; for current, 10 mA; and for 
resistance, 1 ohm. Dc voltage accuracy is 
±.5%. All other measurements are ac¬ 
curate to ±1%. Input impedance for dc i 
voltage measurements is 10 megohms; for 
ac voltage, 1 megohm. I 

The DVM 1600 also features auto j 
polarity which automatically displays po¬ 
larity and magnitude without probe re- j 
versal. Other features include a regulated j 
power supply and 100% overrange capa¬ 
bility on all ranges. Power requirements 
are 115/230 Vac, 50/60 Hz, 20 watts. 

The MITS DVM 1600 digital volt- 
ohmmeter is available in an easy to j 
assemble kit form ($89.95) or factory 1 
assembled ($129.95). Warranty on the 
assembled model is one year on parts and j 
labor. Kit warranty is ninety days on j 
parts. For more information, write to 
MITS, Inc., 6328 Linn Avenue, NE, 
Albuquerque, New Mexico 87108, or use 
check-off on page 94. 

short circuit 

transistor curve tracer j 

There are several errors in the sche¬ 
matic for the transistor curve tracer pub¬ 
lished in the July, 1973, issue, page 53. 
There should be a 0.02-juF capacitor 
connected from the collector of Q1 to 
the collector of Q2; the value of C4 
should be 0.2 fiF, not 0.02. Also, CR9 
should be a 1N457. When building this 
unit be sure that the circuit ground (the 
common ground for Q1, Q2, Q3, Q5and 
Q7) is separate from the chassis grounds 
used on the oscilloscope jacks (J1 and i 
J2). 



rotate 

YOUR HOUSE 


with a . . . 

CUSH CRAFT 

MONOBEAM 

The caption may be slightly exaggerated, but we all 
know that the only way to get real performance is with 
a full size single band beam. 

Cush Craft Monobeams combine superior electrical and 
mechanical features with the best quality materials and 
workmanship. They give reliable day to day amateur 
communications and that extra DX punch when needed 


contest 
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or emergency communications. 
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a second look 
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fish 


Ever since the military services first start¬ 
ed using wireless back around the turn of 
the century their engineers and radio 
officers have been trying to find a way to 
use trees and other natural objects as 
antennas. Many methods were tried, 
including the simple expedient of pound¬ 
ing nails into trees and connecting the 
transmission line to them. Nothing 
worked. It was found, in fact, that trees 
actually absorbed most radio waves and 
that thick forests made radio communica¬ 
tions all but impossible over any but 
short ranges. 

It wasn't until relatively recently, in 
1969, that any real progress was made. At 
that time an intensive research program 
was begun at the Army Electronics 
Command's research laboratory. In the 
four years since the program began a 



This tree is radiating a signal on 10.8 MHz. The 
transmitter is coupled to the tree through a 
matching network (in the box on the tree) and 
the toroidal Hemac. (U.S. Army photo.) 


team of scientists under the direction of 
Dr. Kurt Ikrath have developed a system 
for making effective use of trees and 
other natural objects as antennas. The 
key, of course, is the coupling of rf 
energy into and out of the object. The 
Army Command accomplished this 
through a flexible, toroid-shaped hybrid 
electromagnetic antenna coupler called a 
Hemac which is formed in a circle around 
the tree as shown in the photograph. 

The Hemac operates as the primary of 
a leaky rf transformer; the tree or other 
core object acts as a single-turn second¬ 
ary. A variable tuning and impedance¬ 
matching circuit is used with the Hemac 
to provide a good match to 50-ohm 
transmission lines. Dr. Ikrath reports that 
the Hemac-tree antenna requires less skill 
to tune than the short whip on the 
Army's PRC-74 radio set. Nor is the 
Hemac's use limited to trees — it has been 
used successfully with such man-made 
objects as light standards, window frames 
and helicopters. In one case two Hemac 
coils were used with trees, four meters 
apart, as a high-frequency phased array. 
By changing the phase difference between 
the 4.65-MHz signals driving the two 
trees, engineers were able to vary the 
radiation pattern. 

As might be expected, frequency is 
very important to the operation of the 
system. In a forest environment the dense 
underbrush scatters or absorbs short 
wavelengths. Long wavelengths seem to 
work best as absorption is much less. The 
optimum operating frequency also 
depends upon the object used as the 
antenna. A 100-foot tree, for example, 
works best in the 80-meter range. Who 
will be the first to put this idea to work 
on Field Day? 

Jim Fisk, W1DTY 
editor-in-chief 



fixed 


log-periodic beam 


for 15 and 
20 meters 


A simple, low-cost 
wire beam 
that provides 
lots of gain 
per dollar 


Since retiring from business in 1970 I 
have been designing, building and testing 
fixed, high-frequency, log-periodic beam 
antennas. I had long wondered why ama¬ 
teurs had made so little use of these very 
excellent beams which are used extensive¬ 
ly by commercial, military and govern¬ 
ment communicators. 

To date, over fifteen log periodics have 
been erected and thoroughly tested here. 
Most of these have been horizontal doub¬ 
let log periodics for the 20-, 15- and 
10-meter bands, as shown in plan form in 
fig. 1. Some have been for 40, 20 and 15. 
Two vertical monopole log periodics 
(with ground plane) were tested on 40 
and 80, giving 10-dB gain with the low 
angle of radiation best suited for DX. 

Since most of these log periodics cover 
a 2:1 or one-octave bandwidth, e.g., 7-14 
or 14-28 MHz, they are rather long for 
the average amateur antenna farm. Two 
of the log periodics tested here for 14-30 
MHz were one with a 40-foot (12.2- 
meter) boom length, having 8-dB gain. 
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and one with a 70-foot (21.35 meter 
boom, giving 10-dB gain as comparec 
with a doublet at the same height. M^ 
longest log periodic is 100-feet (30.E 
meters) long, has 17 elements, and give: 
12- to 13-dB gain. The swr for thes< 
antennas is relatively low over the 20- 
15- and 10-meter bands, generally no- 
exceeding 2:1 with 1.1:1 to 1.4:1 typical 

Since these log periodics are wire 
beams, they are quite inexpensive con 
sidering their gain. They are also quite 
easy to build. The material cost usuall\ 
runs from $15 to $25 each, less feedlint 
and masts or other supports. 

As a result of on-the*air discussion; 
while testing and comparing these anten 
nas, and from several previous articles or 
log periodics, I receive many requests foi 
information on the smallest possible lot 
periodic to cover at least 14 through 21 .E 
MHz. The inquirers generally want gair 
equal to or better than the average harr 
beam. 

two-band tog periodic 

A log periodic having 8-dB gain and 
meeting these requirements, erected in a 
space 40 by 40 feet (12.2 x 12.2 meters), 
will be described here. This antenna, 
which is beamed south, has been in use 
for three years. It gives excellent perform¬ 
ance. Also included is a list of materials, 
approximate total price and brief assem¬ 
bly information. 

Fig. 2 shows the layout for this simple 
7-element log periodic for 20 and 15 
meters. Its bandwidth or frequency cover¬ 
age is 14 to 21.5 MHz. Theoretically it 
provides 8-dB gain in the forward direc¬ 
tion. However, when compared with a 
dipole at the same height, reports in the 
direction of its beam generally show a 
10-dB increase over the doublet. When an 
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S-9 report is received while using the 
doublet, a "20 over 9" is often received 
after switching to the log periodic. An 
equivalent S-meter increase at this end 
usually confirms the reports received. 

At any rate, the reports received dur¬ 
ing three years of use give this log 
periodic a conservative 10-dB gain in its 
forward direction. It is mounted approxi- 


mately 40 

feet (1 

2.2 meters) 

above 

ground. The 

measured swr over 

the two 

bands is: 




14.0 MHz 

1.1:1 

21.0 MHz 

1.01:1 

14.1 MHz 

1.1:1 

21.1 MHz 

1.01:1 

14.2 MHz 

1.02:1 

21.2 MHz 

1.05:1 

14.3 MHz 

1.02:1 

21.3 MHz 

1.15:1 

14.35 MHz 

1.01:1 

21.4 MHz 

1.25:1 



21.45 MHz 

1.3:1 


If even greater gain is desired and the 
space is available, a 9-element log periodic 
having a boom length of 57.3 feet (17.48 
meters) can be used (fig. 3). This is 
actually the 20-15-10 log periodic of fig, 
1 with several of the short (10-meter) 
elements deleted, which reduces its band¬ 
width to 14 to 21.5 MHz for operation 
on 20 and 15 meters. This log periodic 
should give 10- to 11 -dB gain on 20 and 
15 if its height is at least a half wave¬ 
length above ground for 20, about 33 feet 
(10 meters). 


If space is available for an even longer 
antenna, fig. 4 illustrates another log 
periodic which should give 11- to 12-dB 
gain. The latter two antennas (fig. 3 and 
4) have not actually been tested here, but 
the gain figures were taken from the 
3-band equivalents for 20-15 and 10. De¬ 
leting the 10-meter section should have 
little effect on performance for 20 and 15. 

The front-to-back ratio of these log 
periodics will be approximately 10 to 12 
dB, not as good as a Yagi, but with its 
other advantages over a Yagi the log 
periodic is well worth consideration. 

Fig. 5 shows the fig. 2 log periodic as 
it would look suspended from four 40- 
foot (12.2 meter) masts. These can be 
inexpensive telescoping TV masts, avail¬ 
able at any TV shop, or 45-foot (13.7 
meter) wooden poles. Used poles are 
available from power companies in some 
areas at a very reasonable price. The TV 
masts will, of course, require guying, but 
wooden poles can usually be unguyed for 
the smaller log periodics. The log periodic 
of fig. 2 as used here has its rear end 
supported by the roof and the short 
forward end by two cedar trees. This 
tree-roof configuration just happened to 
be perfect for suspending this log periodic 
40 feet (12.2 meters) above ground, 
beamed due south. 



fig. 1. Plan view of a typical log periodic beam for 14-30 MHz. With 1 3 elements and a boom length 
of 72 feet (22 meters) this antenna provides 10-dB gain over a reference half-wave dipole for 10, 15 
and 20 meters. Note the feedpoint transposition of alternate elements — if this is not done, the 
antenna will not work. 


may 1974 Bl 7 



If any of these two-band log periodics 
can be suspended at least a full wave¬ 
length above ground (approximately 66 
feet on 20 meters) they will no doubt 
provide a lower angle of radiation. This is 
better for DX and, in effect, will show 
greater gain, especially on 20. The highest 
I have been able to use here has been 60 
feet (18.3 meters), and considerable im¬ 
provement was noted on that particular 
antenna compared to the others installed 


the 7-element antenna showing location 
of the home-made Lucite insulators and 
the suspension of the seven elements 
between the two nylon sidelines or caten¬ 
aries. Note the transposition of the feed¬ 
line to alternate elements, a must for a 
log periodic. 

Fig. 7 is a drawing of the insulators, 
which are made from 1/4-inch (6-mm) 
Lucite. The end insulators have only the 
two end holes, while four holes are drilled 



fig. 2. Dimensional drawing of a practical log periodic for 15- and 20-meter operation that requires 
only a 40- by 40-foot (12- by 12-meter) space for installation. Though its theoretical gain is 8 dB, 
the author’s version of this antenna has consistently shown 10 dB or better gain over a reference 
dipole at the same height. Note feedpoint transposition of alternate elements. 


approximately 40 feet (12.2 meters) 
above ground. 

The beam width of a log periodic is 
generally about 90 degrees, which is good 
for a fixed beam required to cover a 
particular continent or a certain part of 
the U.S. From this location, the antenna 
beamed west covers the entire west coast 
and also Australia. 

construction 

Fig. 6 illustrates the physical layout of 
s GB may 1974 


in the center insulators. The two end 
holes are for fastening the center of the 
elements, while the two toward the cen¬ 
ter, spaced Vh inches (3.8 cm), are for 
the two-wire center feeder. The center 
insulators serve two functions: First, they 
separate and space the two-wire open 
feeder, and second, being secured to the 
feeder at the points specified in fig. 2, 
they space the elements at the required 
distances so the antenna will function as a 
log periodic. 



ELEMENT 


AT 20 METERS 



fig. 3. Dimensional drawing of the log periodic of fig. 1 with the 10 meter elements omitted. 
Though its 57.2-foot (17.45-meter) boom length may be prohibitive in some installations, those 
who have the room for it should find a 2- to 3-dB improvement compared to the smaller antenna of 
fig. 2. 


Note that six egg-type ceramic insula¬ 
tors are used in place of Lucite for the 
long rear element, 1, and for the short 
forward element, 7. This is recommended 
due to the additional strain on these two 
elements, which must support the re¬ 
maining five elements and the weight of 
the center feeder. 


Note that the two-wire center feeder is 
extended 23 feet (7.0 meters} beyond the 
short forward element, 7. This provides a 
common impedance match on both 20 
and 15 meters. A 4:1 balun is used to 
provide a match between the coax trans¬ 
mission line and the antenna. This 23- 
foot stub would not be necessary if a 



fig. 4. Dimensional drawing of an even longer two-band log periodic. This 11-element array should 
provide at least 12-dB gain over a reference dipole. 
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tuned line was used between the shack 
and the log periodic. However, this would 
require a tuner or Match Box at the 
equipment end. The use of the stub plus 
the 4:1 balun eliminates the need for the 
antenna tuner. 

It may be of interest that the above 
feed method has a very desirable feature. 
Element 2, which is the driven or active 
radiator element on 20 meters, is spaced 
approximately 3/4 wavelength from the 
common feedpoint. Element 5, the driven 
or active element on 15 meters, is also 



fig. 5. TV masting or used utility poles provide 
an easy means for putting up a wire log periodic 
antenna such as the seven-element array of fig. 2. 


3/4 wavelength from the balun. Since the 
active element for a discrete frequency 
within the bandwidth of the antenna is 
3/4 wavelength from the common feed- 
point, the center feeder plus the 23-foot 
(7.0-meter) stub act as an impedance 
matching line and the impedance at the 
common feetpoint is relatively constant 
on either 20 or 15 meters. 

The stub can hang down from the 
antenna as shown in fig. 5. A short stub 
mast can be used to support the balun 
and the coax, relieving the strain on the 
short-element end. Several additional 



fig. 6. Mechanical layout showing suspension of 
log periodic of fig. 2. Egg insulators are used on 
the first and last elements, while the Lucite 
insulators detailed in fig. 7 are used elsewhere. 


Lucite spacers should be used along the 
stub to keep the two wires separated and 
parallel. Spacers about every five feet (1.5 
meters) are suggested. 

log-periodic theory 

The log-periodic beam can be consider¬ 
ed as a multi-element, broadband, uni- 



fig. 7. Dimensional drawings of Lucite insu¬ 
lators used at centers and ends of center ele¬ 
ments. Dimensions and material are not critical. 
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table 1. List of materials needed for building the log-periodic antennas described here (not 
including masts or coax). 


item 

Antenna wire (elements) 2 
Antenna wire (center feeder) 1 * 2 
Ceramic egg insulators 
End insulators (Lucite) 

Center insulators (Lucite) 

Nylon line, 1/8 inch (3 mm) 
Nylon line, 3/16 inch (5 mm) 
Nylon twine, no. 18 3 
Total cost 


7 elements 
(figs. 6 & 2) 

190 feet (58 meters) 
125 feet (38 meters) 

6 each 
10 each 
5 each 

100 feet (30.5 meters) 
25 feet (7.6 meters) 

1 roll 

$17.00 


9 elements 
(fig. 3) 

225 feet (69 meters) 
196 feet (60 meters) 

6 each 
14 each 

7 each 

170 feet (52 meters) 
25 feet (7.6 meters) 
1 roll 
$ 22.00 


11 elements 
(fig. 4) 

290 feet (89 meters) 
160 feet (49 meters) 
6 each 
18 each 
9 each 

235 feet (72 meters) 
25 feet (7.6 meters) 
1 roll 
$26.00 


notes 

1. The center feeder should be 7/24 copper (not copper-clad — too stiff) or other stranded wire so 
the two wires will remain parallel and not kink. 

2. The author used number-15 aluminum electric fence wire on many of his log periodics to reduce 
weight and cost. Caution must be used when working aluminum, and care must be taken to avoid 
contact between dissimilar metals which can cause electrolysis. Aluminum is not recommended for 
use near sea coast or in a polluted environment. 

3. 40 lb. test monofilament fish line can also be used, eliminating need for end insulators. 


directional, end-fire array. The design for¬ 
mulas have appeared before in an amateur 
publication, 4 which although it covered 
only vhf log periodics, also applies to 
high-frequency log periodics. The design 
formulas are quite complex, so unless a 
computer is available it is suggested that 
the dimensions given in this article be 
followed. 

Table 1 is a list of materials for the 
short 20-15 meter log periodic, fig. 2, as 
well as the two longer models of fig. 3 
and 4. 

summary 

Anyone who has the space to put up 


one of these excellent log periodic anten¬ 
nas for 20 and 15 will be pleased with the 
results. Considering its moderate cost, its 
gain in the forward direction is about 
equivalent to adding a big linear. It is 
equally helpful in reception in the desired 
direction, giving the same gain in re¬ 
ceiving. It also has a very pronounced 
diversity effect, especially important 
during bad signal fading. Of all the 
various beam antennas tried here during 
the past three years, the two-band log 
periodic for 20 and 15 has been the 
simplest and easiest to construct. I believe 
it gives more "miles per dollar" than 
almost any other amateur beam. 
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parabolic reflector 


antennas 


Complete 
construction details 
for a large 
parabolic reflector 
for uhf — 
Australian style 


There should be little doubt in the minds 
of avid uhf experimenters that the anten¬ 
na is a most important part of his station. 
This is especially so for long-path DX and 
EME amateur communications where the 
most important characteristic of the an¬ 
tenna is its ability to efficiently direct all 
of the available transmitter power in a 
preferred direction — its effective gain. 
Since antennas are passive reciprocal de¬ 
vices they perform the same unique high- 
gain function in the receiving mode as 
well. There should also be little doubt 
that, in the uhf range and higher frequen¬ 
cies, the parabolic reflector is the most 
efficient, high-gain antenna. Those ex¬ 
perts in antenna technology may debate 
this last statement; however, for home 
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construction without critical measure 
ment and adjustment, the parabolic re 
flector antenna has no equal. 

This article describes fabrication tech 
niques using readily available materials 
which can be used in the construction ol 
relatively large parabolic reflectors with 
exceptional rigidity, strength and mod 
erate weight. Construction is mainly of 
round aluminum tuhing with gusset plates 
and pop rivet fasteners. The conductive 
reflector surface is aluminum screen or 
galvanized iron mesh, also readily avail¬ 
able. 

Although much detail will be des¬ 
cribed, this article is not intended to give 
a cook-book design. Using the same gen¬ 
eral construction techniques described 
here the size of the reflector can range 
from 10- to 30-feet (3 to 9 meters) in 
diameter. The design is not unlike many 
commercial reflectors. However, unlike 
commercial construction, no aluminum 
welding is required and weight is kept to 
a minimum. 

feed systems 

The efficiency of a parabolic dish 
antenna is highly dependent on the feed 
2 antenna and on the surface accuracy of 

^ the reflector. A very efficient feed is the 

m dual-mode, small-aperture antenna whose 

> radiation characteristics determine a fo- 

c cal-length-to-aperture-diameter ratio of 

2 0.6 for the reflector. 1 However, this 

3 particular feed antenna, because of its 

2 physical size, is not practical for frequen¬ 
ce cies below about 1000 MHz. A suitable 

b- feed for 432 MHz is the NBS gain 



standard whose radiation characteristics 
are very similar to the dual-mode aperture 
antenna. Both feed systems are described 
at the end of this article. Although these 
feeds are shown as linearly polarized, 
they may be adapted for circular polariza¬ 
tion. This is recommended to eliminate 
Faraday fading for moonbounce com¬ 
munications. 2 

surface accuracy 

Surface accuracy of a reflector anten¬ 
na affects the phase of the aperture wave. 


Variations from an exact paraboloid sur¬ 
face cause scattering of energy in direc¬ 
tions away from the main beam and, 
thus, lower the gain. The reflector design 
presented here, together with the dual¬ 
mode feed system, will produce an ef¬ 
fective gain of 

G ef , = 0.65 2 

where D is the reflector physical diame¬ 
ter, A is the operating wavelength in the 
same length units as D, and the surface 
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accuracy, everywhere on the surface, is 
within 0.025X of a true paraboloid. 

construction details 

Construction of the reflector consists 
of four parts: one, a central hub from 
which construction begins and which is 
also used to mount the antenna; two, an 
array of identically trussed ribs which are 



SLEEVE BEARING 

fig. 1. Rolling mill construction. Curved grooves 
in the rollers should be slightly larger in radius 
than the tubing to be bent. Middle roller should 
be knurled or roughened if this roller is driven. 
Slot for the middle roller mounting bolt is to 
permit changing bending radius. 

attached to the hub and form the para¬ 
bolic shape; three, a series of circumferen¬ 
tial rings which join the ribs and provide 
support for the conductive surface mater¬ 
ial, and four, the conductive surface. 
Mounting of the feed, although important 
to the use of the reflector, will be 
considered separately from construction 
of the paraboloid. 

The aluminum tubing used in this 
construction is a half-hard or 6100 alloy 
which can be easily bent. Bending can be 
done several ways. Two methods suggest¬ 
ed here are by a rolling mill, which must 
be constructed, or by a special tool called 
a hickey which is used by electricians for 
bending conduit. These may be bought 
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from most electrical supply houses for 
about $5. 

The rolling mill produces a smooth arc 
bend and is very desirable for bending the 
circular rings which support the reflector 
surface material. The rolling mill used in 
the construction described here is shown 
in fig. 1. With this mill it is important 
that the groove in each roller is a bit 
larger than the tubing which is to be bent. 
Also, it is necessary to have a secure and 
resettable position for the middle roller 
to set the bend radius. A hand crank or 
other drive mechanism attached to the 
middle roller will ease the required rolling 
effort. Even though it will take some time 
to construct the rolling mill, its use will 
greatly shorten total construction time 
and produce very uniform and repeatable 
bends. Since the extreme ends of tubing 
bent in the rolling mill will not conform 
to the curvature of the central portion, a 
few inches should be cut off at each end. 
Some care should be taken in rolling as 
the tubing may have a tendency to twist. 

The hickey is used to kink the tubing 
in small incremental sections producing 
an arc composed of short straight sections 
between kinks. This method of bending is 
entirely acceptable for the rib and hub 
construction. Note that the actual reflec¬ 
tor surface material is not supported by 
the ribs but by the rings which are spaced 
about one foot apart along the ribs. 

Virtually all the fastening of tubing is 
done with aluminum or steel pop rivets. 
These are readily available in hardware 
stores along with a manually operated 
tool which properly sets the rivets. This 
method of fastening is quick and provides 
a long-lasting permanent fastener. A u- 
nique feature of pop rivets is that they 
may be used in blind holes as shown by 
fig. 2. Either 1/16- or 5/32-inch (1.6- or 
4-mm) diameter rivets may be used for 
most fastening, but larger rivets may be 
used where heavy pieces or thick pieces 
are to be joined. 

The center hub which I used consists 
of two circular rolled rings of 7/8-inch 
(22.2-mm) tubing about 24 inches (61 
cm) in diameter and spaced 18 inches 



(45.7 cm) apart. A number of cross 
braces are used to hold the rings 
together rigidly. While this construction 
method used only tubing and rivets, an 
improved hub construction would be a 
spool or reel design made of 1/8-ir>ch 
(3.2-mm) aluminum plate and a 16*inch 
(40.6-cm) section of large diameter 
aluminum tubing. This hub design is 
shown in fig. 3. 

The end discs of the hub are secured 
to the large tubing by means of many 
small aluminum angle brackets with 
rivets. If a large diameter tube is not 
available a suitable substitute would be a 
hexagonal section composed of flat 1/8- 
inch (3.2-mm) plates. Additional stiffen¬ 
ing of this hexagonal tube at its center is 
required and may consist of a single band 
of aluminum bent to conform to the 
outside of the hexagon and fastened near 
the plate seams with rivets. 

A very important part of the hub is 
the holes cut in the center of each end 
plate. The size of the holes is made to be 
a snug fit with a standard aluminum or 
steel tube available, 114 to 2 inches (3.8 
to 5.1 cm) in diameter. These holes and 
the tube form the axis of symmetry of 
the paraboloid and will be used to align 
the ribs and surface material as described 
later. The hub length should be about 
one-twelfth the reflector diameter; the 
end discs need not be larger than 24 
inches (61 cm) for any size reflector. 

Sets of two or three rivet holes can be 
drilled in the hub end plates at the radial 
locations of the ribs. Additionally, similar 
sets of holes can be drilled to mount the 
gusset plates used to attach the back 
member of the rib to the hub. 

trussed-rib construction 

To maintain uniformity of the ribs and 
accuracy of the parabolic shape it is 
essential that a jig be built to hold the rib 
pieces in position while fastening. For the 
16-foot (4.9-meter) diameter reflector, an 
8-foot (2.45-meter) piece of half-inch 
(13-mm) plywood may be used with 
wooden blocks to serve for alignment and 
holding. Alternatively, the jig may be 


made of angle iron, welded together. If 
the plywood jig is used, one edge of the 
plywood sheet is used as the axis of 
symmetry and the parabolic curve may be 
carefully laid out and drawn using the 
coordinates given in table 1. Draw in the 
remaining truss members as shown in fig. 
3. The height of the rib at the hub end 
must be equal to the hub end plate 



fig. 2. Gussett plate detail. Gusset plates are not 
necessarily all the same shape. 

spacing so that the rib may be fastened to 
the hub with a minimum of strain. 

Blocks of wood about % inch (13 mm) 
in height may now be securely attached 
to the plywood jig so that the truss 
members are held in their appropriate 
positions. It should be noted that the 
parabolic member is actually bent into a 
circular arc which will require a minimum 
of distortion to form the parabolic arc. 
The radius of curvature which fits this 
requirement is very nearly twice the focal 
length. Prebending of the parabolic mem¬ 
bers is done in the rolling mill or by the 
multiple kink method. If the latter meth¬ 
od is employed, the kinks should occur 
between the locations of the circular 
rings. In this way the points of ring 
attachment will conform to the parabolic 
arc in the jig. These points should be 
marked on the rib members for ease in 
indexing the rings later. 

The cross braces in the ribs are short 
pieces of the same diameter tubing as the 
ribs and spaced about 18 inches (45.7 
cm) apart. The cross braces should be 
notched to fit the main members. The 
notching operation may be done with a 
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table 1. Parabolic curve coordinates for reflector diameters of 16 feet (4.9 meters), 20 feet (6.1 
meters) and 24 feet (7.3 meters). Coordinates are given for only one-half of the parabola since the 
other half is identical. 




16 feet 

20 feet 

24 feet 

reflector diameter 

(4.88 meters) 

(6.10 meters) 

(7.30 meters) 



9.6 feet 

1 2 feet 

14.4 feet 

focal length (f) 

(2.93 meters) 

(3.66 meters) 

(4.39 meters) 

inches 

cm 

inches 

cm 

inches 

cm 

inches 

cm 

0 

0 

0 

0 

0 

0 

0 

0 

3.94 

10 

0.034 

0.085 

0.027 

0.68 

0.022 

0.057 

7.87 

20 

0.13 

0.34 

0.11 

0.27 

0.09 

0.23 

11.81 

30 

0.30 

0.77 

0.24 

0.62 

0.20 

0.51 

15.75 

40 

0.54 

1.37 

0.43 

1.09 

0.36 

0.91 

19.69 

50 

0.84 

2.14 

0.67 

1.71 

0.56 

1.42 

23.62 

60 

1.21 

3.08 

0.97 

2.46 

0.81 

2.05 

27.55 

70 

1.65 

4.19 

1.32 

3.35 

1.10 

2.79 

31.50 

80 

2.16 

5.47 

1.72 

4.37 

1.44 

3.65 

35.43 

90 

2.72 

6.92 

2.18 

5.54 

1.82 

4.61 

39.37 

100 

3.36 

8.54 

2.69 

6.84 

2.24 

5.70 

43.31 

110 

4.07 

10.34 

3.26 

8.27 

2.71 

6.89 

47.24 

120 

4.84 

12.30 

3,88 

9.84 

3.23 

8.20 

51.18 

130 

5.68 

14.44 

4.55 

11.55 

3.79 

9.63 

55.12 

140 

6.59 

16.75 

5.27 

13.40 

4.40 

11.16 

59.06 

150 

7.57 

19.22 

6.05 

15.38 

5.05 

12.81 

62.99 

160 

8.61 

21.87 

6.89 

17.50 

5.74 

14.58 

66.93 

170 

9.72 

24.69 

7.78 

19.75 

6.48 

16.46 

70.87 

180 

10.90 

27.68 

8.72 

22.15 

7.27 

18.45 

74.80 

190 

12.14 

30.84 

9.71 

24.67 

8.10 

20.56 

78.74 

200 

13.45 

34.18 

10.76 

27.34 

8.97 

22.78 

82.68 

210 

14.83 

37.68 

11.87 

30.14 

9.89 

25.12 

86.61 

220 

16.28 

41.35 

13.02 

33.08 

10.85 

27.57 

90.55 

230 

17.80 

45.20 

14.24 

36.16 

11.86 

30,13 

94.49 

240 

19.38 

49.20 

15.50 

39.37 

12.92 

32.81 

96.00 

243.8 

20.00 

50.80 

16.00 

40.64 

13.33 

33.86 

98.43 

250 



16.82 

42.72 

14.02 

35.60 

102.36 

260 



18.19 

46.21 

15.16 

38.50 

106.30 

270 



19.62 

49.83 

16.35 

41,52 

110.24 

280 



21.10 

53.59 

17.58 

44.66 

114.17 

290 



22.63 

57.48 

18.86 

47.90 

118.11 

300 



24.22 

61.52 

20.18 

51.26 

120.0 

302.8 



25.00 

63.50 

20.83 

52.91 

122.05 

310 





21.55 

54.74 

125.98 

320 





22.96 

58.33 

129.92 

330 





24.42 

62.03 

133.86 

340 





25.92 

65.84 

137.80 

350 





27.47 

69.77 

141.73 

360 





29.06 

73.82 

144.00 

365.8 





30.00 

76,20 


rotary rasp of the same diameter as the gusset plate fastening of the butt joints is 
tubing or with a notching tool used by accomplished as shown by the detail 

welding fabricators. A wooden jig can be drawing of fig. 2. The gusset plates may 

built to hold the tube at the appropriate be predrilled and used as a guide for 

angle if the rotary rasp method is used. A drilling the tubing through a single wall 

less pretentious but adequate notch may thickness. One hole drilled and pop 

be vee-shaped and made by hand with a riveted at a time will eliminate hole 

file or saw. misalignment. When all gusset plates are 

With all the rib members in the jig, secured on one side of the rib, the rib is 
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removed from the jig and turned over for 
fastening the second set of gusset plates. 
The gusset plates are cut from half-hard 
sheet, 22 gauge or about 1/32-inch 
(0.8-mm) thick. The reverse rib alignment 
template may be built in a similar way on 
the same plywood sheet. 

The alignment template and support 
tube must be constructed accurately be¬ 
cause they determine the ultimate ac¬ 
curacy of the reflector surface. This 
consideration is important since the re¬ 
flector can be used at higher frequencies 


ameter tubing as the rim for my 16-foot 
(4.9-meter) reflector, it is recommended 
that V/z-inch (38-mm) tubing be used if 
possible for additional strength. The rim 
may be rolled to the prescribed radius 
bend in the rolling mill by starting with a 
larger radius and rolling the pieces 
through several times, each time decreas¬ 
ing the bend radius until the final value is 
achieved. A large circular arc may be 
chalk-marked on a convenient surface 
(garage floor, driveway, patio, etc.) for 
checking the sections as they are rolled. 



if the surface accuracy is good. The 
alignment template support tube must fit 
snugly into the holes at the center of the 
hub. 

For larger reflector diameters it may 
not be possible to obtain tubing of 
sufficient length and splices will be re¬ 
quired. The method I used consists of 
taking a short length (4 to 6 inches or 10 
to 15 cm) of the same tubing to be 
spliced (see fig. 4). Cut a single slot 
lengthwise about %-inch (6.5-mm) wide. 
Then squeeze the piece until it fits inside 
the splice pieces, forming a butt joint. 
Finally, pop rivets are used to form a 
permanent joint as shown by fig. 4. 

surface support rings 

Although I used 1-inch (25-mm) di- 


Assemble the arc sections into a circle at 
the final construction site using the butt 
splice technique except for the final 
splice. Leave this last splice open with 
some overlap so that exact adjustment of 
the last splice will give a good fit to the 
ends of the ribs. 

The circular rings of 3/8-inch 
(9.5-mm) tubing may be rolled after the 
hub, ribs and rim have been assembled. 
These rings should be spaced concen¬ 
trically with the rim starting at the rim. 
Approximately one-foot (30.5-cm) spac¬ 
ing between rings will be adequate to 
support the screening. At the rim a 
surface registration problem will occur 
because of the way the rim is attached to 
the rib ends. This problem can be re¬ 
solved by either attaching a 3/8-inch 
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(9.5-mm) ring directly at the rim or by 
deliberately bending the last one foot 
{30.5 cm) of the parabolic member so 
that the rim tube will be in correct 
surface registration. This bend correction 
must be included in the rib jig before the 
ribs are assembled and must also include 
the extra kink in the parabolic member. 

Since the rings will require a long 
section of 3/8-inch (9.5-mm) tubing, it 



fig. 4. Method of joining sections of tubing. Use 
eight rivets in diametrically opposite pairs for 
extra strength. 


may be necessary to splice pieces. For 
this small-size tubing it will be adequate 
to use a simple short overlapping splice 
riveted together. Splicing may be done 
after rolling, and some pre-squashing of 
the tubing is desirable before drilling and 
riveting. 

assembly 

Assembly starts by riveting the hub 
gusset plates on at the locations of the 
back rib members. These gusset plates 
should be of 1/16-inch (1.6-mm) material 
for extra strength. The parabolic member 
of the rib may now be riveted to the top 
of the hub and the back member tem¬ 
porarily clamped. Alignment of the rib is 
now accomplished by inserting the re¬ 
verse rib template support tube into the 
hole at the center of the hub. The rib 
should be adjusted by loosening the back 
member clamp and allowing the parabolic 
member of the rib to conform exactly to 
the edge of the template. Now the back 
member may be riveted in place. Repeat 
this procedure for all ribs. 


As the structure grows, it will be 
necessary to provide temporary trusses 
between ribs to prevent strains and lateral 
bending. Diametric wire or heavy cord 
guys between rib ends will also aid in 
maintaining the ribs in alingment. The 
reflector will be constructed with the 
parabolic surface initially upward. 

When all the ribs are attached a survey 
check of rib alignment should be made 
with the template before the rim is 
attached. The rim is attached to the 
upper and lower surfaces of the parabolic 
members by means of gusset plates and 
rivets. Additional support for the rim 
may be added in the form of diagonal 
members from a point about 18 inches 
(45.7 cm) from the rib on the rim to a 
point near the end of the back member of 
each rib. 

At this point in construction a number 
of additional single member parabolic ribs 
should be carefully bent, formed into 
parabolic shape, checked against the tem¬ 
plate or jig and then fastened to the rim 
and hub so that at the rim there will be a 
rib spacing of about 2 to 3 feet (61 to 91 
cm), no more. For the 16-foot (4.9-meter) 
diameter dish I built, two additional 
single-member ribs are added between the 
six trussed ribs. Check these additional 
ribs for alignment with the template. 

When forming these single-member 
ribs they should be marked so that the 
correct end is attached to the rim. The 
curvature is so slight that it is quite easy 
to reverse the rib end-for-end by mistake. 
The locations of the rings may now be 



fig. 5. Partial view of the feed support detail. 
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marked on each rib member by first 
marking the locations on the template 
along the parabolic edge and transferring 
these marks to each rib. 

Finally, the 3/8-inch (9.5-mm) sur¬ 
face-support rings are formed and riveted 
to the ribs. The rings must be squashed to 
a thickness of 5/16 inch (7.9 mm) at rivet 
points in order to use 5/32 x Vi-inch (4 x 
12,7-mm) long rivets. The rings may be 
temporarily clamped to the ribs to aid the 


ly laid over the rings between pairs of ribs 
in pie section fashion and fastened to the 
rings with wire ties. The ties should be 
spaced a maximum of 4 to 6 inches (10 
to 15 cm) apart. Start along a ring at the 
middle of the pie section and work 
towards the rim and hub. Try to keep the 
screening taut with as little bowing as 
possible. Trim off any excess at the 
center to permit the template support 
tube to be inserted at the center of the 



fig. 6. Skeleton plane view showing rigging and overall dimensions for the 16-foot (4.9-meter) 
diameter parabolic reflector. 


assembly. After all of the rings are riveted 
in place a final check should be made 
with the template for accuracy. If errors 
greater than ’/4-inch (6.4-mm) are found 
they should be corrected, even if rivets 
must be extracted and parts altered. If 
you have come this far you are to be 
congratulated, the rest is easy. 

surface construction 

Surfacing consists of cutting radial 
length strips of screening diagonally. 
These triangular sections are then careful- 


hub. The smallest 3/8-inch (9.5-mm) sup¬ 
port ring should be no less than about 6 
inches (15 cm) in diameter. It will be 
more convenient to rivet the screening 
down where ties cannot be used. A thin 
washer above the screening will prevent 
damage if aluminum window screening is 
used. 

At the rim, the screening should be 
long enough to be wrapped around the 
outside of the rim and secured by a spiral 
wrap of wire which passes through the 
screen near the point of tangential con- 
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tact. As each section of surface material is 
added, the edge overlap should be a 
minimum of 2 inches (5 cm) and held 
together by wire ties to prevent gaps. A 
last check of screening surface accuracy 
should be made with the template and 
the screening trimmed up if necessary. 
Pinching the mesh can be used to take up 
slack areas. Every effort should be made 
to maintain a surface accuracy of ±%-inch 
(±6.4-mm) over the entire surface to 
assure satisfactory performance at 1296 
MHz. 

If galvanized iron mesh (hardware 
cloth) is used, the mesh size will permit 
inserting the tip of a pair of long-nose 
pliers and twisting the mesh wire to draw 
up specific areas where sags appear. This 
procedure, though tedious, can result in a 
very taut surface. 

In the event of damage to a small 
surface area, an overlay of screen may be 
added on, provided the patch size is not 
less than one wavelength in its smallest 
dimension. Larger area damage may re¬ 
quire replacement of an entire pie section 
of screening. 

Another useful suggestion is to use 
epoxy cement to tighten up rivets which 
may become loosened. 

feed support 

The feed support is a tripod of VA- 
inch (3.8-cm) diameter thin-wall alumi¬ 
num tubing. For extra stiffness, and to 
damp wind vibrations, these tubes may be 
filled with foam-in-place urethane foam 
or billets of cylindrically-cut rigid foam. 
This procedure prevents diametric de¬ 
formation of the thin wall and can add 
much to the tubing stiffness with little 
added weight. The foam-in-place urethane 
is a two-part mixture which is mixed and 
quickly poured down the tube with the 
tube in a vertical position. A wad is 
forced into the tubing near the middle 
before foaming and the foam poured in 
from each end. 

The tripod legs are attached to the 
outside of the rim with short pieces of 
aluminum angle and bolts or, alterna¬ 
tively, with heavy gusset plates. The 
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preferred locations of the legs are one 
near top center when the reflector is in its 
normal zero-degree elevation position and 
the other two legs spaced equally to 
either side of bottom center. 

A frame assembly to support a 
1296-MHz feed horn or higher-frequency 
feed systems is placed at the apex of the 
tripod. This is shown in part in fig. 5. 
This partial drawing shows details for one 
leg. The other two legs are similar but 
spaced around the frame in the same 
manner that the legs are spaced around 
the rim of the reflector. The ends of each 
leg are fastened to the frame by heavy 
gusset plates and rivets. These gusset 
plates are approximately diamond 
shaped. Additional strength can be pro¬ 
vided for the thin-wall legs at their ends 
by a similar technique used in splicing. In 
this case the split sleeve inside the leg 
tubing serves as additional wall thickness. 

The feed holding frame may be a 
circular ring rolled from heavy-wall, soft- 
alloy aluminum conduit or a square of 
rigid tubing assembled with corner gusset 
plates. To support the rather long circu- 




77 / 6 ' (U mm) DtA. 
L3r ( 3.3 cm) lG, 

fig. 7. Dual-mode feed antenna for 1296 MHz. 
Material for the round sections is 1/32-inch 
(0.8-mm) brass, rolled and butt joint seamed. 
The conical section is soldered on with many 
small angle tabs. Probes are provided at right 
angles to facilitate circular polarization. Adjust 
probe lengths for best swr on 50-ohm feedline. 
The nulling post should be mounted in a 
radially slotted hole to permit radial adjustment 
of position for minimum cross coupling be¬ 
tween probes. 



lariy polarized feed for 1296 MHz it is 
necessary to have an additional frame 
smaller in size and about 24 inches (61 
cm} behind the first frame. Support 
members for this small frame are added 
between frames and side struts attached 
to the tripod legs with riveted straps for 
lateral support. If axial twisting of the 
feed support assembly is objectionable, it 
can be minimized by the addition of a 
rolled ring approximately 48 inches (1.2 


counter balancing and extra stiffness. The 
counterweight arms are made of channel 
steel or aluminum beams spaced about 
18-inches (46-cm) apart and cross braced 
in the manner shown in fig. 6. Attach¬ 
ment to the reflector hub is by means of 
two angle brackets which are bolted to 
the back of the hub. It is most helpful to 
place the elevation axis in the plane of 
one side of the support tower and as close 
to the hub as the support tower will 



fig. 8. Double-dipole feed system for 432 MHz. 


meters) in diameter and fastened to the 
tripod legs in front of the feed support 
frame. 

For 432 MHz the feed system shown 
in fig. 7 may be mounted on long studs in 
front of the first frame so that the ground 
plane is located at the focal point of the 
reflector. This can be done with the 
1296-MHz feed horn in place, but not in 
use, by mounting the ground plane just 
far enough in front of the horn to permit 
the coaxial feed cables to clear. The 
dual-mode horn is mounted inside the 
frames by means of short studs or brack¬ 
ets. It is important that screws used to 
fasten the horn should always be arranged 
with their heads on the inside of the horn 
wall. 

counter weight 

If the complete antenna is to be placed 
on an elevation-over-azimuth mount, the 
following construction will provide for 


permit. In this way the counter weight 
arms will lie parallel with the tower when 
the antenna is in the stowed position, 
beam aimed straight up. This is the 
position of least wind resistance and, by 
securing the counterweight arms to the 
tower, the reflector antenna and tower 
can survive severe weather conditions. It 
is also the best symmetrically balanced 
position for ice and snow loading. 

final rigging 

The final rigging involves turn-buckled 
guy wires from the end of each main rib 
back to the ends of the counterweight 
arms on their respective sides. The regis¬ 
tration or positioning of the main ribs in 
the reflector with respect to the tower 
mount should be such that the bottom 
two ribs straddle the tower. In this way 
all rib ends may be guyed to the counter¬ 
weight arms. If the bottom rib were 
aligned vertically it would not be possible 
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to guy it due to interference from the 
tower. All guys should be carefully 
trimmed since they essentially hold the 
reflector and counterweight arms in rigid 
assembly. Three additional guys may be 
added from the rib ends between the 
tripod feed support legs to the 
feed-support frame. 

The counterweights are simply large, 
heavy bars U-bolted to the inside of the 
counterweight arms so that they may be 
slid along the arms for adjusting balance. 
Alternatively, the bars may be replaced 
by iron pipe sections which have heavy 
concrete weights permanently attached at 
one end. 

summary 

Construction techniques for relatively 
large paraboloidal reflector antennas have 
been given with the hope that those 
amateurs who are interested in high gain 
antennas for uhf will find comfort and 
encouragement in their endeavors. 

Since feedline losses are significant at 
uhf, it is recommended that the preampli¬ 
fier and mixer be located at the feed with 
only i-f and dc cables dressed down a leg 
of the tripod and around to the mount 
axis where a slack loop will permit 
rotation without cable joints. For strictly 
moonbounce communications, the sup¬ 
port tower for the reflector need be no 
higher than the reflector radius, provided 
that the foreground clearance (trees, 
buildings, etc.) is good in the azimuthal 
angular directions of the rising and setting 
Moon. 

It is also suggested that the final power 
amplifier and driver be mounted in a 
suitable weatherproof enclosure on the 
counterweight arms so that a minimum of 
large low-loss coaxial cable can be used to 
connect the output to the feed. This 
arrangement has special merit because no 
rotating joints or flexing cable are re¬ 
quired in the high power line but only in 
the low power line to the driver input 
where lossy flexible cable can be toler¬ 
ated in a slack loop. 

A note of caution for those who live in 
extreme cold areas where icing and high 
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winds occur: It is not known how this 
antenna construction will survive these 
extremes of weather. It is advisable in 
areas where freezing temperatures occur 
to drill small (1/8-inch or 3-mm) diameter 
holes in all tubing where water may 
collect. 

The 16-foot (4.9-meter) reflector an¬ 
tenna described here was a first prototype 
and has proven adequate in receiving the 
first EME signals in Australia on 1296 
MHz from W2NFA. Actually, the first 
signal ever heard on this antenna was 
W2NFA via EME! 
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If the most consistent communication via 
amateur satellites is desired, then beam 
antennas which constantly track satellite 
passes over the ground station are clearly 
in order. On the other hand, the current 
OSCAR series of satellites present drama¬ 
tic proof that many contacts through the 
on-board repeater can be generated by 
stations using relatively low gain, station¬ 
ary antennas. Granted some freedom 
from complicated antennas and tracking 
mechanisms, it becomes worthwhile to 
investigate design modifications of simple 
fixed antennas which maximize the oper¬ 
ating time during an arbitrary pass. The 
following comments suggest a design 
change for ground-plane antennas that 
makes them attractive for modestly 
equipped stations involved in satellite 
communications. 

The basic concept is quite simple. 
Slightly tilting the vertical radiator tends 
to optimize the transfer of energy be¬ 
tween a satellite in a circular orbit and a 
ground-plane antenna for any point lo¬ 
cating the satellite in the visible sky. The 
design objectives and the theoretical basis 
underlying the modification are reviewed 
beiow. Practical tips on matching and 
constructing the modified antenna are 
also discussed. 

design objectives 

The following four characteristics pro- 
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vide a useful (but not exhaustive) set of 
design objectives for fixed antennas used 
for satellite work: 

1. A vertical plane pattern which remains 
constant along any azimuthal bearing in 
the horizontal plane. 

2. A vertical plane pattern which provides 
a smooth increase in radiation as the 
vertical angle of elevation, measured be¬ 
tween the horizon and the satellite, de¬ 
creases. An increase of 11 dB between the 
overhead and horizontal field strengths is 
appropriate for OSCAR satellites at an 
altitude of approximately 910 miles. 1 

3. Relative independence from ground 
effects. This permits installation of the 
antenna in the clear where nearby trees, 
buildings, etc., exert minimum screening 
when the satellite nears the horizon. 

4. Simplicity in mechanical construction 
and electrical matching. 

The selection of the first two items 
involves certain simplifying assumptions: 
the satellite is in a nonsynchronous- 
circular orbit, signal perturbations caused 
by interactions between the radiated 
wave and the ionosphere are negligible, 
and the satellite antenna is always favor¬ 
ably oriented with respect to the fixed 
antenna at the ground station. 

theoretical basis 

Which of the design objectives are met 
by a quarter-wavelength vertical erected 
adjacent to the ground? No serious prob¬ 
lems concerning point 4 are encountered 
by this antenna, and the theoretical pat¬ 
tern of the isolated vertical completely 
satisfies point 1. Over perfect ground the 
radiation is maximum along the horizon 
which is convenient for DX work through 
the satellite. However, a depressing null 
develops in the vertical plane pattern for 
elevation angles near the zenith. Thus 
signals will be degraded during the over¬ 
head portions of satellite passes. The 
antenna fails on point 3. Two simple 
alterations remove these drawbacks. 


It has been shown elsewhere that 
tilting the vertical element away from the 
normal fills in the overhead null without 
materially changing the other pattern 
characteristics. 2 A vertical plane pattern 
for a tilt of 45 degrees is drawn in fig. 1A. 
The depression at the zenith deepens and 
field strengths become less dependent 
upon the azimuthal bearing as the tilt 
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fig. 1. Vertical plane patterns for quarter-wave 
vertical tilted away from the normal by anangle 
of 45 degrees (A) and horizontal dipole at a 
height of 3/8 wavelength (B). The patternsforan 
arbitrary azimuth bearing fall within the width of 
the solid curve for the tilted vertical (A) and 
within the shaded regionfor the horizontal dipole 
(B). Perfect ground is assumed for both cases. 


angle decreases. The width of the curve in 
fig. 1A reflects the .extremes in vertical 
plane patterns as one circles a vertical 
tilted at 45 degrees. Since the variation is 
less than 0.5 dB, this trade-off is easily 
accommodated. Another trade-off involves 
the lower input impedances of the tilted 
vertical. As shown below, it is an easy 
matter to resolve this problem with a 
quarter-wavelength coaxial transformer. 

The second change is to simulate 
actual ground with a plane of quarter- 
wavelength radials. This frees the antenna 
from the earlier criticism regarding point 
3. Naturally the limited size of the 
elevated ground plane will slightly alter 
the pattern of fig. 1A. Basically, some¬ 
what more radiation occurs at higher 
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RELATIVE SIGNAL STRENGTH (d8) 


angles and somewhat less energy is radi¬ 
ated along the horizontal direction. The 
net result of these alterations is a tilted, 
vertical, ground-plane antenna which ade¬ 
quately meets each of the four design 
goals listed above. 

The advantages of this antenna can be 
brought into sharper focus by briefly 
examining the characteristics of horizon¬ 
tal half-wave dipoles using the same per¬ 
formance criteria. Fig. IB gives the verti- 



Curve 1 Vertical tilted 30 degrees from normal 
Curve 2 Verticaf tilted 45 degrees from normal 
Curve 3 Horizontal dipole broadside to satellite 
Curve 4 Horizontal dipole endfire to satellite 

fig. 2. Relative signal strength versus angle of 
elevation between the satellite and the horizon. 
The curves can be used to estimate the effec¬ 
tiveness of a given antenna as the elevation 
angle changes during a satellite pass. A refer¬ 
ence level of 0 dB was arbitrarily selected at the 
zenith point for each antenna. In curves 3 and 4 
the dipole is assumed to be 3/8-wavelength 
above ground. The satellite is in a circular orbit 
at an altitude of 910 miles. 

cal plane pattern for a horizontal antenna 
at a height of 3/8 wavelength. This height 
is close to optimum because it offers the 
greatest freedom from the undesirable 
lobe effects in the vertical-plane pattern 
associated with higher antennas while still 
maintaining a greater percentage of radia- 
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tion nearer the horizon than can be 
supplied by lower antennas. 

The outer and inner boundaries of the 
dipole pattern in fig. IB define the 
broadside and endfire conditions, respec¬ 
tively. It is immediately obvious that the 
radiation from the dipole is sensitive to 
azimuthal bearing. Moreover, horizontal 
antennas at any height always show poor 
radiation along the horizontal plane. In 
practical terms at 10 meters, the average 
city-dweller will find that the effects of 
real earth and screening likely to be 
present for an antenna located only 12- 
feet above ground combine to further 
reduce antenna performance at low eleva¬ 
tion angles. Thus, the single horizontal 
dipole fails to satisfy the first three points 
of the design criteria. Azimuthal omni¬ 
directionality can be improved by con¬ 
necting a second dipole at right angles to 
the first in a turnstile configuration. 3 
Points 2 and 3 still remain inadequately 
satisfied, however. 

A graphical summary of the theoreti¬ 
cal performance of a tilted vertical and 
horizontal dipole is presented in fig. 2. 
The curves of relative signal strength 
incorporate not only the variation in 
radiated field strength of the ground 
station antennas shovyn in fig. 1 but also 
the varying distance separating the anten¬ 
na and the satellite as elevation angle 
changes during a pass. It is convenient to 
arbitrarily normalize all curves to zero dB 
at an elevation angle of 90 degrees. 
Therefore, comparisons between different 
antennas should be restricted to relative 
changes in signal strength for correspond¬ 
ing changes in elevation angle. Fig. 2 
indicates that a vertical tilted 30 to 45 
degrees provides a response which varies 
less than 6.0 dB, even for an overhead 
pass. Tilt angles which fall outside this 
range cause antenna performance to de¬ 
teriorate. 

The curve widths provide a measure of 
the departure from azimuthal omnidirec¬ 
tional behavior for tilt angles of 30 and 
45 degrees. A much larger variation in 
signal strength is observed for a satellite 
passing over a horizontal dipole located 


3/8 wavelength above ground. The 
marked disparity between the broadside 
and endfire curves at low elevation angles 
illustrates the value of installing a rotator 
to keep the dipole broadside to the 
satellite when it is near the horizon. 

While simple treatments of ideal an¬ 
tennas are helpful in formulating an 
overall design philosophy, the real anten¬ 
na usually provides some deviation from 
the predicted behavior. For example, real 



ELECTRICAL QUARTER- 
' WAVELENGTH lines 


fig. 3. Quarter-wave matching transformer 
which matches antenna radiation resistances of 
the order of 25 ohms to the 50-ohm impedance 
level of popular coaxial lines. 

ground, non-sinusoidal current flow, sat¬ 
ellite spin and ionospheric polarization 
distortion can modify conclusions based 
on models which ignore there features. 
Low gain antennas aggravate matters be¬ 
cause a host of conducting and insulating 
objects are illuminated in the immediate 
vicinity of the antenna. Precise pattern 
and impedance descriptions under such 
conditions are very elusive. The influence 
of these complications is usually not 
overwhelming, however, and practical an¬ 
tennas can be expected to approach the 
theoretical behavior deduced from ideal 
models. 

matching transformer 

As a vertical antenna is tilted away 
from the normal, the radiation resistance 
decreases from the theoretical value of 
36.5 ohms computed for the perpendicu¬ 
lar orientation. King's results for thin- 
wire, V-shaped antennas reveal that verti¬ 
cal tilts of 30 to 45 degrees yield radia¬ 
tion resistances of 29 to 21 ohms, 
respectively. 4 Although low-impedance 
coaxial cable (50-ohm class) can directly 
feed an antenna having a radiation resis¬ 
tance on the order of 25 ohms, a much 
better match is obtained by inserting a 


quarter-wavelength section of transmis¬ 
sion line having an impedance equal to 
the geometric mean of the load and 
feedline impedances. This suggests a 
transformer impedance of about 36 ohms 
in the present application: 

Z T = VZr x Z 0 = V25 x 50 = 35.36 ohms 

Such a line is approximated by connec¬ 
ting two lengths of 75-ohm line in parallel 
as shown in fig. 3. The lines are an 
electrical quarter-wavelength long. Be¬ 
cause the interior dielectric of conven¬ 
tional coaxial lines reduces the velocity of 
waves on the line, the physical length of 
the transformer section will be less than a 
quarter-wavelength in free space. 

construction tips 

Tilting the vertical radiator offers little 
complication of the detailed plans for 
building ground-plane antennas which 
abound in amateur periodicals and hand¬ 
books. Therefore, the following tips are 
simply offered to recall some well-known 
construction ideas using readily available 
parts. 

table 1. Lengths of elements and matching 
transformers for tilted vertical ground-plane 
antennas where f is the frequency In MHz. 
Remember velocity factor, V, when computing 
the length of the coaxial quarter-wavelength 
transformer (0.66 for polyethylene cables, 0.79 
for foam dielectric). 

dimensions 



high-frequency 

vhf 


length 

length 

component 

(feet) 

(inches) 

central radiator 

235 

2800 


f 

f 

ground radials 

240 

2860 


f 

f 

quarter-wave 

246 V 

2950 V 

coaxial transformer 

f 

f 


Fig. 4 shows the details of a mounting 
assembly suitable for 10-meter ground- 
plane antennas. The four ground radials 
are cut from 10-foot sections of half-inch 
aluminum conduit using the lengths given 
in table 1. The remaining threaded end of 
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fig. 4. isometric view of a partially assembled 
10-meter ground-plane antenna. The whip and 
PVC tube are tilted with respect to the short 
upright section of conduit by an angle of 
approximately 30 degrees. While the antenna 
could be fed with a single-line of low- 
impedance coax, a better match is obtained by 
inserting a matching transformer constructed 
from two lengths of 75-ohm coax connected in 
parallel (see fig. 3). Table 1 lists the lengths of 
the tilted radiator and the ground-plane radials. 

each radial is screwed into a half-inch 
pipe cross. A short upright section of 
conduit serves to anchor one end of the 
PVC water pipe used as an insulator for 
the center element. The opposite end of 
the PVC tube is fastened to one of the 
radials. As indicated in fig. 4, the PVC 
tube is cut at an angle to permit easy 
access to the nuts and washers securing 
the bolts which fasten the PVC tube to 
the mount and the whip to the PVC tube. 
The whip is formed from 3/8-inch alu¬ 
minum rod. The rod, PVC tube and pipe 
fittings are stock items in most hardware 
stores. Aluminum conduit can be ob¬ 
tained from local electrical suppliers or 
contractors. 


Lengths for the various elements and 
the matching transformer are listed in 
table 1. Exact whip and radial lengths for 
resonance depend upon the tilt angle and 
the relative element diameter with respect 
to the operating wavelength. The frequen¬ 
cy response of these antennas is broad 
enough (3 percent bandwidth for vswr 
less than 1.5:1) that precise adjustment 
of the element lengths should not be 
necessary, however. 

Since the pipe joints are painted with a 
metal primer to retard galvanic action, 
positive electrical contact is insured by 
installing wire straps near the threaded 
end of each radial. In the interest of 
clarity, these straps and the sheet metal 
screws which hold the straps in place are 
not shown in fig. 4. All electrical connec¬ 
tions are sealed from the weather with 
silicon caulking compound. 

The tilted vertical ground plane can 
also be used to advantage on the vhf links 
of OSCAR satellites. One of the simplest 
ways to construct these antennas is to use 
stiff wire or 1/8-inch welding rod for the 
elements and standard coaxial chassis 
receptacles (SO-239) for the base mounts. 
Lengths appropriate for vhf designs are 
also given in table 1. 

observations 

To some extent theoretical concepts 
and drawing board creations present an 
aura of make-believe. There is one central 
question at this stage that needs an 
answer. Does the modified ground plane 
deliver real performance during actual 
satellite passes? 

The 10-meter downlink signals of 
numerous OSCAR 6 passes were moni¬ 
tored on a tilted vertical ground plane 
(35-degree tilt, height of 3/4 wavelength) 
and a half-wave dipole (height, 3/8 wave¬ 
length). Both antennas were well matched 
with vswr below 1.5:1 in the downlink 
passband. For elevation angles below 30 
degrees, the modified ground plane was 
clearly superior. 

Switching to the ground plane would 
often provide Q5 copy of signals that 
were only Q2 to Q3 on the dipole. This 
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improvement is particularly significant 
since most of the operating time available 
for OSCAR satellites occurs for elevation 
angles below 30 degrees. The dipole came 
on strongly at elevation angles near 90 
degrees. Although signals remained good 
on the ground plane, the results of these 
tests indicated that the signals on the 
dipole were stronger by roughly 4 dB 
when the satellite was directly overhead. 
The most consistent copy throughout any 
pass was always obtained on the ground 
plane. 

Using the projected capabilities of 
AMSAT-OSCAR-B satellites, a few re¬ 
marks are in order concerning applica¬ 
tions for modified ground planes over the 
vhf links. Mechanical tracking schemes 
can be eliminated with these antennas if a 
transmitter power of approximately 200 
watts is available on the 432-MHz uplink 
or 80 watts on the 145-MHz uplink. The 
additional gain from beam antennas will 
be useful for downlink reception in these 
two bands, but under optimum condi¬ 
tions signals should be copied with low- 
gain antennas such as dipoles and ground 
planes. 

summary 

This pretty well wraps up the case for 
adapting ground-plane antennas to satel¬ 
lite communications. Slightly tilting the 
vertical radiator yields a stationary an¬ 
tenna that is useful for any satellite pass. 
The modified ground plane is a simple 
way of getting the job done, but you 
don't have the extra performance of a 
tracking beam. You also don't have to 
pay for multi-elements, two rotators, 
tracking charts, a mini computer or extra 
arms. 
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All Mobile Antennas are NOT alike. 



Larsen 
Antennas 
with 
exclusive 
Kulrod 
let you 

HEAR the difference! 


Mobile Antennas should be judged on the 
basis of ruggedness, ease of installation 
and performance . . . mostly performance, 
Larsen Kulrod Antennas are "solid" on all 
scores. They have a low, low silhouette for 
best appearance and minimum wind drag. 
Hi*impact epoxy base construction assures 
rugged long life. The Larsen mount gives 
you metal to metal contact, has only 3 
simple parts and goes on fast and easily. 

And performance! Larsen Antennas for 
the 144-148 MHz range deliver a full 3 db 
gain over a 1/4 wave whip. V.S.W.R. is less 
than 1.3 to 1. The exclusive Larsen Kulrod 
assures you no loss of RF through heat. 
Handles full 150 watts. 

It all adds up to superior performance ., 
just one of many reasons why Larsen An¬ 
tennas are the fastest growing line in the 
commercial field in both the U.S. and Cana¬ 
da. Available as antennas only or complete 
with mounting hardware coax and plug. 
Write today for fact sheet and prices. 


Sold with a full money back guarantee. 
You hear better or it costs you nothing! 




Need a BETTER 450 MHz Antenna? 

Get the Larsen 5 db gain Phased Collmear. 
Same rugged construction and reliability 
as the 2 meter Larsen Antennas including 
exclusive Kulrod. Write for full fact sheet. 


^Kulrod . . . 

a trademark of Larsen Electronics 


Larsen Antennas 

1161 N.E. 50th Ave. • Vancouver, WA 98665 
Phone: 206/695-5383 
For fastest mail service address: 

P.O. Box 1686 - Vancouver, WA 98663 
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vertical antenna 


ground systems 


How to design 
practical, efficient 
radial ground systems 
for vertical antennas 


This is the third article of a series about 
vertical antennas. The objective is to learn 
about the characteristics of such antennas 
so that you can intelligently select an 
antenna height for your own station. The 
first article 1 showed that for a short 
antenna (h = 0.1A), bandwidth was small 
(50 kHz at 3.8 MHz), and rrcatching- 
network coil losses were high (about 100 
watts). The second article 2 showed that 
the radiation pattern is affected very little 
by height (in the range from h = 0.1 to 
0.25X). 

In this article I will show the effects of 
earth losses and the radial system upon 
the ability of a vertical antenna to radiate 
efficiently. The radial system consists of a 
number of radials, of a certain length, 
using a given wire size, and buried in 
earth having a finite conductivity. The 
radiating efficiency of the antenna de¬ 
pends upon the radial system, earth con¬ 
ductivity and antenna height. 
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ground systems 

My analysis of earth losses and th( 
effectiveness of radial systems uses twt 
approaches, one using a theoretical mode 
for earth losses, and one using actua 
experimental data. The experimental re 
suits give field strength at 3 MHz at on< 
mile from the antenna for various radia 
conditions. While the theoretical mode 
does not allow calculation of exact value: 
of earth losses in watts, it does provide 
insight into important situations noi 
covered by experimental data, such a! 
losses for poor earth and the distributor 
of earth losses near the antenna fot 
various conditions. 

Both of these methods are frorr 
Brown's 1937 article, 3 and they are 
applied to the amateur situation used ir 
my previous articles for a 30- to 60-fool 
(9.1- to 18.3-meter) vertical antenna ai 
3.8 MHz. The results, however, are giver 
in terms of antenna electrical height and 
radial electrical length to allow you tc 
design vertical antennas and radial sys 
terns for other amateur bands as well. 

Since an antenna and a radial system 
form a closed electrical circuit, there are 
return currents flowing in the radial wires 
and in the earth itself near the antenna. 
Since there are so many variables involved 
I wrote a computer program to calculate 
these currents for a variety of factors, 
listed in table 1. For each antenna height 
the correct antenna base resistance and 
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matching-coil rf resistance was included. 
This was done for a transmitter power of 
600 watts output at 3.8 MHz. 

The 600 watts is divided between 
radiated power from the antenna, and 
losses in the earth, matching coil and 
radial wires. Ideally, of course, we would 
like the radiated power to be 600 watts 
and the losses to be zero. Interestingly 
enough, there are combinations when this 
a/most happens. 

To simplify the analysis I tried to 
eliminate unimportant factors, and the 
most likely one was wire size. My analysis 
showed that wire size is important only 


iron electric fence wire (1-mm diameter) 
costs only $7.10 for 2640 feet, but 
number-16 copper wire (1.3-mm di¬ 
ameter) would be better for a permanent 
installation as it would not corrode and 
disintegrate as quickly as iron wire. 

radial system design 

To design the radial system you need 
to know how many radials to use and 
how long they should be. A look at how 
the radial currents drop off as you go 
further from the antenna provides the 
necessary information. This is illustrated 
in fig. 1, which shows radial current {l w 



fig. 1. Radial current vs distance from antenna for different numbers of 
radials in poor and good earth. 


when a few radials (eight or less) are used, 
when the antenna is short (less than 
0.15X), and for poor earth (o = .00002 
mhos/cm 3 ). For this case, going from 
number-18 wire (1-mm diameter) to num¬ 
ber-8 wire (3.3-mm diameter) will in¬ 
crease the radiated power up to as much 
as 125%. However, by using 15 or more 
radials, wire size becomes relatively unim¬ 
portant and the improvement then, by 
going from number-18 to number-8, 
never exceeds 8%. On this basis I elim¬ 
inated wire size as a factor in the remain¬ 
ing analysis. 

The power lost in the radials is insig¬ 
nificant. Wire conductivity is so huge 
compared to earth conductivity that you 
can use copper or iron wire. Number-18 


amperes) versus distance from the anten¬ 
na in fractions of a wavelength (xA), and 
also versus the number of radials for both 
poor and good earth. When the radial 
current drops to a low value the radials 
are no longer effective. At this distance 
from the antenna base most of the 
current has already entered the earth, and 
longer radials are unnecessary. 

You can see from fig. 1 that long 
radials should be used with a large num¬ 
ber of radials, and vice versa. Therefore, 
this situation for vertical antenna radia¬ 
tion is somewhat different from that of 
obtaining a low ground resistance where 
you can trade-off number of radials for 
length of radials. The proper radial length 
depends upon the number used, local 
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earth conductivity, how low you want 
the radial current to be at the end of the 
radials, and how much real estate you can 
use. These results are summarized in table 
2 for a radial current at the ends of the 
radial wires of 1 ampere. 

Table 2 shows that, if you have poor 
earth, the radials should be two to four 
times longer than for conditions of good 
earth. There is, of course, no harm in 
using longer radials, and you can use fig. 
1 as a guide for your own location. 

There are several criteria for deciding 
how long radials should be. The one used 
in table 2 is for radial current, l w , to 
drop to 1 ampere. Other criteria are given 
later in the discussion about figs. 2 and 3. 

The question of how deep to bury 
radials often comes up. Here the earth 
losses are calculated down to the skin 
depth, which at 3.8 MHz is several feet 
(about 1 meter). Both the theoretical 
model and the experimental data show 
that it doesn't matter if the radials are 
buried a few inches. This is better than 
tripping over a maze of wires strung out 
on top of the ground (your wife will be 
happier, too). 

I next calculated earth losses for vari¬ 
ous radial conditions, for both poor and 
good earth. The losses are in watts/meter 
of distance, down to the skin depth, at 
various distances from the antenna base, 
and are shown in fig. 2. Study of this 
figure shows: 


table 1. System design factors considered for 
calculating return currents for a vertical antenna 
and radial ground system. 

Antenna heights, feet 30, 40, 50, 60 

(9.1, 12.2, 15.2, 18.3 
meters) 

Number of radials 8,15,30,60,120 

Radial wire size no. 8, no. 18 

Radial lengths 0.05 to 2.0 wavelength 

Earth conductivity 0.00002 mhos/cm^ 

(poor earth) 

0.0004 mhos/cm^ 

(good earth) 

3. The total amount of power lost in the 
earth is related to the area under each 
curve. It shows that, for the same number 
of radials and antenna height, consider¬ 
ably greater earth losses occur in poor 
earth than in good earth. 

4. Higher values of losses occur closer to 
the antenna base for good earth as com¬ 
pared to poor earth, other conditions 
being the same. 

5. When many radials are used the losses 
are not greatly different for 30- or 60- 
foot (9.1- or 18.3-meter) antennas. When 
only eight radials are used, then losses are 
greatly reduced by using a 60-foot 
(18.3-meter) antenna instead of a 30-foot 
(9.1-meter) one. 

Coil losses were similar to those given 
in the previous article. 1 These losses, and 


table 2. Radial length to reduce radial 
(assuming 600 watts at 3.8 MHz). 

distance from antenna, 
number of poor earth 

radials (wavelength! 


current to 1 ampere 

distance from antenna, 
good earth 
(wavelength) 

0.05 

0.07 

0.13 

0.25 

0.47 


some other previous 
data, are summarized in 
table 3. The coil losses 
are somewhat less when 
earth losses are consid¬ 
ered than they were 
when earth losses were 
not considered. Part of 
the 600-watt trans¬ 
mitter output power 
now contributes to 


1. Maximum values for earth losses are earth losses, so that coil losses and radi- 

high when only a few radials are used. ated power are lower than they would be 

otherwise. 


2. When only a few radials are used the Some of the experimental results from 

losses peak close to the antenna base reference 3 that apply to our situation are 
(within 0.1A for eight radials). shown in fig. 3. This shows radiated 
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power as indicated by field strength, E, at 
ground level at one mile in millivolts/- 
meter, versus number and length of radi- 
als and antenna height. These results 
appear to be for conditions of good earth 
conductivity, where coil losses were not 
included. Comparison curves for the the¬ 
oretical maximum possible values for E 
are included, and these were probably 
derived from measurements of antenna 
base current. A study of fig. 3 reveals 
several interesting facts: 

1. When using a 30-foot (9.1-meter) 
antenna and two radials 0.137X long, the 
distant field strength is only about 50% 
of theoretical maximum. This is for good 
earth and does not take coil losses into 
account. They will be considered later. 

2. Using a 60-foot (18.3-meter) antenna 
and 113 radials, 0.41A long, gives results 
nearly as good as the theoretical maxi¬ 
mum. 

3. When only two radials are used they 
need be only 0.1A long. 

4. When 15 to 30 radials are used with a 
30-foot (9.1-meter) antenna 0.274A is 
long enough for the radials. 

5. Other situations may be deduced from 
fig. 3, and from methods of design 
discussed later. 

local earth conditions 

We need to define what poor and good 
earth is. I have used a conductivity of a - 
.00002 mhos/cm 3 for poor earth, and o = 
.0004 mhos/cm 3 for good earth. You 
should be curious by now to know what 
the conductivity is for your local area. 
This can be found in Jordan, 4 page 638, 
or in reference 5. 

It is beyond the scope of this ar¬ 
ticle to relate radiated power to the field 
strength at radiation angles above the 
horizontal. My recent article 2 gave the 
pattern for radiation angles of DX inter¬ 
est for the case of no ground losses. When 
ground losses are considered, as must be 
done in the real case, the low-angle 
radiation will depend on the earth con¬ 
ductivity. See Jordan, 4 page 641, for 


more information on this. Hovever, what¬ 
ever the earth conductivity, the less your 
losses are by use of a good radial system, 
the more power you will radiate. 

choosing antenna height 

Now we should go back and think 
about our original objective: Choosing an 
antenna height. The yardsticks that 
should influence the decision are first. 



DISTANCE FSOM ANTENNA, X/X 

fig. 2. Earth losses vs distance from antenna 
for different numbers of radiafs in poor (P) 
and good (G) earth, 30* and SO-foot vertical 
antennas, 

performance, and next, cost and size of 
the antenna and radial system, These, in 
turn, will depend, as we have seen, on the 
number of radials used, the length of the 
radials, and the local earth conductivity. 
Most of the results have been summarized 
in table 3. Earth losses and radial systems 
were not included in table 3 because 
there are so many possible combinations. 
However, I'll work out some examples 
which will show you how to design for 
your own situation. 

example 1. Antenna height, HA = 60 feet 
(18.3 meters) good earth, number of 
radials, n = 113, radial length, ip = 0.41 A. 
Fig. 3 shows that the distant field 
strength, E, is about 99% of theoretical. 
In all of these examples you can relate E 
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to the radiated power, P, since E is 
proportional to n/FTT herefore: 

E = / ~~P~ 

E th V 600 

Where E XH is the theoretical maximum, 
or 100%. In this case. 


E 

Eth 


99% 

100 % 


= 0.99 = 



so P = 594 watts. Since coil losses are not 


earth loss plus coil loss, or 306 plus 80 
watts, for a total of 386 watts. The 
resulting field strength, E, is 60% of 
maximum. 

An example that you can practice on 
is to verify that E is only 22% of 
maximum for a 30-foot (9.1-meter) an¬ 
tenna, with two radials, each 0.1X long in 
good earth. 

As a final example, consider the differ¬ 
ence in performance for two antenna 
heights for the same radial system and for 


table 3. Vertical antenna coil losses and bandwidths for various antenna 


heights. Earth and radial 
possible variations. 

losses are 

not included 

because of the many 

antenna height 

coil losses {watts) 

bandwidth 

{feet) {wavelength) 1 

good earth 

poor earth 

(kHz) 2 

30 (9.1 m) 

0.12 

120 

80 

50 

40 (12.2m) 

0.16 

45 

35 

100 

50 (15.2m) 

0.20 

20 

12 

180 

60 (18.3m) 

0.24 

1 

1 

320 


1. Electrical height at 3.8 MHz. 

2. No earth losses and 3.8-MHz matching network. 


yet included, the earth losses are 600 ~P = 
600 -594 = 6 watts, and are low due to 
the good radial system. Total losses = coil 
losses + earth losses = 1+6 = 7 watts. 
The field strength, E, using this total loss 
is still about 99% of theoretical, 
example 2. Antenna height, HA = 30 feet 
(9.1 meters), poor earth, n = 60, <p = 
0.25A. Fig. 3 is for good earth only. Fig. 
1 provides information on how to relate 
poor and good earth radial systems. To 
get the same results in poor earth that 
you would in good earth you should 
make the radials from 2 to 4 times longer 
for the poor earth case. If you limit the 
length as we have in this example, then 
the results will be inferior for the poor 
earth case. Refer to fig. 1. 

For 60 radials and xA of 0.25, for 
poor earth (curve B), l w = 3.95 amps 
(which also indicates a poor radial sys¬ 
tem). For this same value of radial cur¬ 
rent, l w , and for good earth (curve D), 
xA = 0.1. Therefore, use x/X = 0.1 in fig. 
3 which shows that E, before coil losses, 
is 70% of maximum. The corresponding 
earth loss, calculated as in example 1, is 
306 watts. Therefore, the total loss is 
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good earth. Use n = 30, xA = 0.25, good 
earth, and for a 30- and 60-foot (9.1- and 
18.3-meter) antenna. Fig. 3 shows that 
before coil losses, an E of 82% for the 
30-foot (9.1-meter) antenna, and an E of 
84% for the 60-foot (18.3-meter) anten- 



showing field strength at one mile vs length of 
radials at 3 MHz for 30- and 60-foot antennas. 
This data assumes good earth and no coil losses. 




na. When coil losses are included, the E 
for the 30-foot (9.1-meter) antenna is 
68% of maximum, and the E for a 
60-foot (18.3-meter) antenna is still 84% 
of maximum. Results for a 40- or 50-foot 
(12.2- or 15.2-meter) antenna fall be¬ 
tween these. 

conclusion 

It is obvious that there is no simple 
answer to the question of what height 
antenna and what radial system to use. I 
began all of this work not knowing 
exactly what to expect. I had expected 
that short antennas (say 0.1X high) would 
have shown up better than they have. It 
appears to me that a vertical antenna 0.2X 
to 0.25X high offers some significant 
advantages over one 0.1X high: Essential¬ 
ly no coil losses, reasonable bandwidth 
(200 to 300 kHz at 3.8 MHz) and distant 
field strengths of 85% to 95% of theoreti¬ 
cal with a reasonable radial system. There 
does not appear to be any advantage in 
going to a height of over 0.25X for use at 
DX sky-wave radiation angles and, in fact, 
there may be some disadvantages when 
you consider the radiation pattern (see 
reference 2). 

An important lesson from these 
studies is that earth conductivity is a very 
important factor, so that for poor earth 
long radials should be used. We have also 
seen that wire size is not generally im¬ 
portant, and that it is permissable to bury 
the radials. 
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How to use 
homebrew test equipment 
to measure impedance 
and resonance 
characteristics of 
antennas and 
transmission lines 
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Two basic instruments for the measure¬ 
ment of antenna and transmission line 
parameters that can be profitably used by 
the radio amateur are the radio-frequency 
impedance bridge and the spectrum 
analyzer. The radio-frequency impedance 
bridge is a most useful and informative 
piece of equipment with which both 
resistive and reactive components of im¬ 
pedance can be determined as separate 
values. The spectrum analyzer will display 
the resonant frequency of an antenna or a 
section of transmission line. 

the rf impedance bridge 

The standard circuit for a bridge is 
shown in fig. 1A. In this form, only 
resistive measurements can be made. But 
this bridge, while not useful for rf 
measurements, illustrates the basic bridge 
principle. Note that the excitation voltage 
is injected into two opposite arms of the 
bridge. When the bridge is balanced (R3 = 
^unknown)# there will be no voltage 
across the detector. 

The bridge circuit shown in fig. IB is 
equipped with provisions for ac excita¬ 
tion and the arms are arranged so that the 
resistive component is indicated separate¬ 
ly from the reactive component. An 
excellent design for use on the amateur 
high-frequency bands was described in a 
recent issue of QST . 1 For use in the 
radio-frequency spectrum, the source gen¬ 
erator may be any signal generator having 
a frequency range that meets the required 
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range. The detector can be any frequen¬ 
cy-selective voltmeter such as a radio 
receiver's S-meter. When the bridge is 
balanced the voltage at the detector arms 
will then approach zero and a null will be 
detected. At this point the readings of the 
two variable arms will be representative 
of the unknown's internal impedance. 
Practical uses for this instrument include, 
but are not limited to, measurements of 
antenna impedance, tuned-circuit im¬ 
pedance, matching-transformer im¬ 
pedance, as well as the characteristic 
impedance of a transmission line. 



If the signal generator and detector are 
set to 7.00 MHz and the X dial indicates 
210 when the bridge is balanced, the 
actual reactive ohms will be (210/7.00) = 
30 ohms. Since the resistive dial is not 
frequency selective, the resistance dial 
indicator will not require such conver¬ 
sion. 

If the indicated reactive component is 
inductive the result is written -t-j30. Con- 


Rf SOURCE 



OlFFERENTtAL CAPACITOR Cl CALIBRATED 
IN RESISTANCE CAPACITOR C2 caubrateo 
IN REACTANCE LI AO JUSTED FOR NULL 
WITH 50-OHMS ACROSS UNKNOWN TERMINALS 


© o 

fig. 1. Basic balanced resistance bridge shown in (A) is not suitable for rf measurements. The RX 
impedance bridge shown in (B) indicates the resistive and reactive components of a complex 
impedance. 


Setting up the instrument for measure¬ 
ment of an unbalanced system such as a 
vertical radiator is shown in fig. 2. Since 
most bridges are asymmetrical (unbal¬ 
anced) instruments, they lend themselves 
to such measurement with ease. Readings 
on the X (reactance) dial must always be 
related to the frequency of calibration. 
For example, if the bridge was calibrated 
at 1 MHz, all indicated readings of the X 
dial must be divided by the frequency of 
measurement expressed in megahertz. An 
example will serve to clear up this point: 


versely, if the reactive component is 
capacitive the result is written -j30. The 
physical representation of these values 
can be shown on rectangular coordinate 
graph paper (the +j30 value is plotted as 
30 units above the zero axis (horizontal)— 
a -j'30 value is plotted at 30 units 
below the zero axis. The resistive readings 
will be plotted to the right of the vertical 
axis in resistive units, as shown in fig. 3. 
An excellent article on the use of graphic 
solutions to impedance-matching prob¬ 
lems may be found in reference 2. 
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balanced impedance measurements be measured remotely, with good accura- 

The impedance of a dipole can be cy, by the use of an electrical half- 

measured quite accurately by placing a wavelength transmission line (or multiple) 
1:1 balun between the bridge and the and a balun, since the impedance seen at 





(■I QALUN 



OtPOLE 

o 

symmetrical radiator. This device con¬ 
verts the balanced impedance of the 
dipole to an unbalanced condition for 
measurement by the asymmetrical rf im¬ 
pedance bridge. The impedance can even 


fig. 2. Using the RX bridge for impedance 
measurement of a vertical antenna (A), dipole 
antenna (B) and gamma-rod matching section 
(C). 

the far end of a half-wavelength line is the 
same as that seen at the near end. 

Odd wavelengths of line can also be 
used for remote impedance measurement, 
but the use of a device such as a Smith 
chart will be required to properly ro¬ 
tate an impedance value measured the 
correct number of electrical degrees, to 
obtain meaningful data. While this is a 
useful and practical method, the use of 
the Smith chart will not be covered in 
this article since several practical articles 
on its principles and use have appeared in 
recent amateur magazines. 3 - 4 How to 
measure electrical length of a transmis¬ 
sion line will be covered in a later 
paragraph. 

using the rf bridge 

In practice, the use of the rf imped¬ 
ance bridge is quite simple. When connec- 
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ted to an unknown impedance as shown 
in fig. 4, The frequency of the signal 
generator is set to the desired frequency. 
The frequency of the detector is set to 
produce maximum indication of signal 
input. A “standard" is placed across the 
unknown terminals (in some rf bridges 
the terminals are shorted). When bal¬ 
anced, the bridge is ready for measure¬ 
ment of the unknown impedance. If the 
detector has no visual indicator (such as 
an S-meter), a pair of headphones can be 
effectively used to detect the null when 
the bridge arms are in balance. A little 
practice with this method can produce 
greater accuracy than a visual indicator, 
because the human ear can detect a 
deepter null than can a visual indicator. 

When measuring the impedance of a 
tuned circuit, the bridge will indicate the 
correct operating parameters only if its 
normal voltages and current are present 
under certain circumstances. In many 
cases this power could damage the mea- 



10 20 30 40 SO 

RESISTANCE 


fig. 3. Plotting complex impedance values. 


suring instruments so static substitution 
of such dynamic parameters must be 
made. One practical method is to substi¬ 
tute a resistor of the proper value for the 
dynamic value of resistance. First, deter¬ 


mine the required resistance value by 
dividing the required operating voltage by 
the current, and put that value of resis¬ 
tance across the circuit to be measured 



fig. 4. Typical rf impedance bridge setup. 


without operating voltages and current. 
For example, assume you want to mea¬ 
sure the input circuitry of a grounded- 
grid linear amplifier with a bifilar-wound 
filament-grid isolation choke plus tube 
and stray capacitances. From available 
data it may be determined that 400 mA 
of total dc filament current is required at 
100 volts. Therefore, a 250-ohm re¬ 
sistor (100 volts/400 mA - 250 ohms) 
from filament to ground will simulate the 
dynamic desired operating condition and 
the bridge will indicate the proper load 
impedance shown by such circuitry (see 
fig. 5). Similar dynamic substitution can 
be made to the output circuit for proper 
plate-load design. 

spectrum analysis 

To some readers this may sound like a 
very sophisticated term. It is really very 
simple when its operation and technique 
is explained in basic terms. The equip¬ 
ment setup shown in fig. 6 is capable of 
spectrum analysis, although I prefer to call 
it the sweep-null technique as applied to 
the relationship of frequency vs electrical 
length measurement. It has many other 
applications, but for the purposes of this 
article I will stick to this basic use. 

The sweep-frequency generator is sim¬ 
ply an fm signal generator that is swept 
through a predetermined range of fre¬ 
quencies. Suppose a sweep of 4 to 5 MHz 
is desired. The sweep range is set to about 
1 MHz and the center frequency is set to 
4.5 MHz. This signal is then applied to 
the unknown through a detector and a 
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sample of the resultant is brought out to 
an oscilloscope for analysis. If the un¬ 
known impedance is frequency sensitive 
it will change impedance at various fre¬ 
quencies and thus load the detector ac¬ 
cordingly. This will be evident as a 
varying voltage on the scope trace. To 
determine the exact frequency at which 
some parameter of the unknown im¬ 
pedance has a low or high value, a 
frequency marker which will appear on 
the scope trace at the appropriate point is 
injected into the detector. 

If the unknown is a pure resistance, 
the horizontal trace of the scope will be a 
straight line with a vertical beat note 
pattern appearing on the trace which is 



n 


fig, 5. Method of substituting resistor Rs for 
dynamic resistance at the input of a grounded- 
grid cathode circuit. 

dependent upon the frequency of the 
marker generator. However, if the load is 
a complex impedance somewhere within 
the sweep-frequency range, at this point 
the load will be frequency sensitive and 
will have a lower or higher ratio of 
voltage current. When this occurs, there 
will be a null or hump in the horizontal 
scope trace. If a wide frequency range is 
swept, there may be several repetitive 
nulls and humps in the trace which will 
coincide with lower or higher impedance 
points. If you want to determine the 
exact frequency of a hump or null, the 
marker is adjusted until the vertical mark 
is symmetrically centered. 

By increasing the gain of the horizon- 
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fig. 6. Sweep-null method of measuring reso¬ 
nance of complex loads. 

tal and vertical scope amplifiers, a W- 
shaped trace for a null (or an M for a 
hump) similar to that shown in fig. 8 will 
be formed and further symmetry can be 
achieved. The use of a horizontal grati¬ 
cule is often useful in judging symmetry. 
When the marker frequency is read it can 
be converted to electrical length by the 
use of standard formulas for propagation 
velocities in the various types of transmis¬ 
sion line. 

To illustrate a specific use of the 
sweep-null technique refer to fig. 9. This 
is a typical amateur setup using readily 
available equipment to solve a very practi¬ 
cal problem: The measurement of a quar¬ 
ter- or half-wavelength (or multiple) of 
coaxial line. 

To digress a moment, coaxial cable 
using solid polyethelene dielectric has a 
velocity constant of approximately 0.66. 
This means that this cable will propagate 
a signal at approximately two-thirds the 


MARKER IN 



SCOPE 


fig, 7. Circuit for the sweep-null detector used 
in the setup shown in fig. 6. 










velocity that a signal will be propagated 
in free space. Another way of saying this 
is that it will take the same time for an rf 
signal to traverse 66-feet (20.1-meters) of 
that cable as would be required for the 
same signal to propagate 100-feet 
(30.5-meters) in free space. Foamed poly¬ 
ethelene dielectric has a velocity constant 
of about 0.80 so it will take about 80 feet 
(24.4 meters) of this cable to be electric¬ 
ally equal to 66-feet (20.1-meters) of 
solid dielectric polyethelene cable. The 



fig. 8. Oscilloscope pattern showing the W- 
shaped null pattern. Marker generator may be 
used to accurately determine the null fre¬ 
quency. 

relationship between wavelength in free 
space and frequency in megahertz is given 
by: 

wavelength (feet) = f— •- 

'MHz 

wavelength (meters) = - 

t M Hz 

Returning to the instrumentation 
shown in fig. 9, a 66-foot (20.1-meter) 
length of solid-dielectric coaxial cable, 
shorted at the far end, is connected to the 
detector. When swept over the frequency 
range from 3 to over 10 MHz, a null will 
be seen at 4.90 MHz (length = % wave¬ 
length). A hump will also appear at 7.35 
MHz (3/4 wavelength) and another null at 
9.80 MHz marks the full-wavelength 



point. A practical note: The peaks on the 
scope trace are much less sharply defined 
than the nulls, since the ratio of change 
of voltage to current is more sharply 
defined at the low-impedance points 
(half-wavelength points). In practice this 
means that more accurate frequency de¬ 
termination can be made at the nulls than 
at the peaks. 

As can be seen in fig. 10 the detector's 
inner conductor is connected to the 



fig. 10. Sweep-null setup to determine electrical 
height of vertical radiators. 
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bottom of the vertical radiator (insulated 
from ground for this measurement) and 
the outer conductor is connected to the 
ground plane (not ground). As the sweep 
frequency goes through the quarter- 
wavelength resonant frequency of the 


will show a slightly higher (by a few 
percent) electrical height for a given 
physical length. When a capacitive top hat 
or a Vagi or quad beam is mounted on 
top of the vertical, the electrical height 
will be increased considerably. 



fig. 11. Physical vertical antenna height versus electrical height. Capacitive top-hat loading, as 
provided by a Yagi or quad, increases electrical height considerably. 


vertical, the impedance will decrease to a 
minimum, indicating a null in the hori¬ 
zontal scope trace. When the frequency 
marker is accurately centered in the null 
as shown in fig. 8 the quarter-wave 
resonant frequency is indicated. 

The height of a quarter-wavelength 
vertical antenna operating against a good 
ground is given by 

height (feet) = , ^4 

'MHz 

height (meters) = 

‘ M H z 

Vertical antennas made of small diameter 
materials will have a 1:1 relationship of 
physical length to electrical height when 
compared to this formula, but thick 
vertical elements, such as a metal pole 
one-inch (2.54 cm) or more in diameter 


The curves plotted in fig. 11 show that 
a iy 2 -inch (3.8-cm) diameter metal pole is 
electrically slightly longer than a thin 
wire of the same length. This chart also 
shows the lengthening effect that Yagi 
and quad beams have on the electrical 
height of towers. 
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three-band 

vertical 

DX antenna 


Here's the result 
of some scrap materials 
and amateur ingenuity — 
a low-angle radiator 
for 40, 20 
and 15 meters 
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DX can be worked without a beam 
antenna. I've used a vertical antenna for 
the past seventeen years. Although I 
don't operate as many hours as most 
DXers, nevertheless I've worked my share 
of DX stations. The antenna described 
here is the result of some experimental 
tion over the years. It will give a good 
account of itself. 

Years ago I purchased parts for a 
20-meter Yagi. Before I obtained the 
appropriate tower, TV became popular, 
and my neighbors decided they would 
rather view sub-fringe TV stations than the 
black-and-white interference bars caused 
by my rig. Scratch one Yagi antenna, 

early attempts 

My first vertical consisted of a 34-foot 
(10.4 meter) length of 3-inch (7.6-cm) 
diameter aluminum tubing, which was 
made from the boom for my Yagi, This 
arrangement blew down, but the only 
damage was a slight bend to the tubing. 
The next attempt was a supporting mem¬ 
ber for the tubing consisting of a 4 x 
4-inch (10.2 x 10.2-cm) post, but unfor¬ 
tunately the post had a large knot at 


4EB may 1974 


ground level. The 4x4 was replaced with 
two 2 x 6-inch (5.1 x 15.2-cm) wood 
members bolted together. I attached the 
aluminum tubing to the wooden mast and 
added a 13-foot (4.0-meter) length of 



fig. 1. The three-band DX vertical. Additional 
radials will improve performance; the more 
radial*, the better, 

Vs-inch ( 13 -mm) diameter copper tubing, 
formed into a V/z-tum loop at the bottom 
end, which was about six feet (1.8 meters) 
above ground. Two 32-foot (9.8 meter) 
radials completed the system. The copper 
tubing extended the antenna length to 


3/4 wavelength on 20 meters, which 
produces a low vertical radiation angle. 

This antenna worked fine on 20. To 
work the 40-meter band, I made a clamp 
and a double coax fitting, which I fas¬ 
tened at the 32-foot point on the 3-inch 
(7.6 cm) aluminum tubing. To change 
bands, I simply changed the coax cable 
from the 20-meter to the 40-meter spot 
on the tubing and connected the radials 
to the other side of the coax fitting. This 
arrangement produced a 1:1 swr on 40 
meters; however, I wasn't able to work 
anything on 20 meters until I changed the 
coax to the 20-meter point. I used this 
two-band combination for several years 
but finally became tired of changing the 
coax on cold winter nights. 

final design 

The two-element vertical antenna I am 
now using is shown in fig. 1. The antenna 
on the right-hand side of the wooden 
mast consists of two pieces of tubing that 
were originally intended for elements on 
a Vagi antenna. The top section, of 1-inch 
25.4 mm) aluminum tubing, telescopes 
into the bottom section, which is 1/4-inch 
(37.5 mm) tubing. Both sections are held 
together with a clamp. The bottom por¬ 
tion of the 20-meter antenna, which is 
the r/ 2 -turn loop of copper tubing, is 
connected to the bottom end of the 
tubing on the other side of the mast. 
Radial wires, as shown in the figure, 
should be used for best results. 

performance 

The swr on 40 meters is 1.1:1. On 20, 
it is 1.1:1, and on 15 it is 1.25:1. I tried 
the antenna on 80 meters this last winter, 
but the swr was extremely high on the 
low end of the band. On the phone 
portion of 80, the swr is 3:1. I have had 
good reports, coast to-coast, on 80 but 
haven't worked any DX. On the higher- 
frequency bands, the antenna has per¬ 
formed well. I've used the antenna for 
two years and am pleased with the 
results. 
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160 -meter loop 


for receiving 

Construction of a 
simple 160-meter 
loop antenna 
for receiving 
that reduces 


divider across the ends permits coupling 
to a low-impedance transmission line. 

The 23-inch (58.4 cm) dimension re¬ 
sulted from a random length of cable and 
was used as a starting point. To obtain a 
rough idea of the inductance of this loop 
I used the following formula: 

, _ R2 N2 
L 9R+10S 

Where L is the inductance of the coil in 
microhenries, R is the radius of the coil in 
inches, S is the length of the coil in inches 
and N is the number of turns. For the 
two-turn, 23-inch loop I built out of 
coax. 


noise and 
strong-signal 
interference 


Reception on 160 meters can be greatly 
improved by using a loop antenna. Its 
primary virtue, reducing noise pick-up, is 
due to its small relative size and direc¬ 
tional characteristics when properly lo¬ 
cated. A loop antenna is easy to build and 
doesn't have to be nearly as complicated 
as some loops that have been described. 1 

construction 

A two-turn loop, 23 inches (58.4 cm) 
in diameter was fashioned out of a length 
of semi-flexible aluminum-sheathed co¬ 
axial cable. Braided cable would have 
been fine. The vinyl jacket acts as a 
dielectric, and the two turns are securely 
taped, the ends being brought close to¬ 
gether and bridged with sufficient capaci¬ 
tance to resonate at 1.835 MHz. The 
center conductor is ignored. A voltage 
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529 

113.6 


=4.66/nH 


Although this value may not be par¬ 
ticularly accurate, it is quite helpful in 
determining an experimental value of 
capacitance at Cl to resonate the loop to 
1.835 MHz. From the resonance table in 
he Radio Amateur's Handbook 2 this 
works out to be about 1600 pF. 

By adjusting capacitor Cl it is possible 
to peak the response over a narrow 
portion of the 160-meter band. Tuning 
your receiver across the noise hump 
provides the surest indication of the 
resonance point. In fig. 1 the resonating 
capacitance includes the parallel capaci¬ 
tance of the input voltage divider. Using 
the equivalent parallel capacitance as a 
basis (approximately 1424 pF), the actual 
inductance of the loop, at 5.28 /uH, is 
slightly higher than that given by the 
formula. 

At 1.835 MHz a 1735-pF capacitor 
exhibits 50-ohms reactance. I used the 
closest value I had available, 1670 ohms. 
A 100-pF capacitor provided satisfactory 
coupling for the 50-ohm transmission 
line. 
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performance 

Compared to receiving on a half-wave 
dipole, the loop is like turning on a light. 
Both the noise and strong signals are 
reduced by 20-dB or more, but more 
important, unreadable signals become 
clearly readable. This result was enough. 
The directional characteristics which were 
noted at the test bench disappeared when 


50 OHMS 

fig. 1. Simple I60*meter loop antenna for 
receiving, 

the loop was suspended from the boom 
of a quad at eighty feet (24.4 meters). 
Those operators who are bothered by 
noise from a specific location or QRM 
from a certain direction would do better 
to mount the loop away from any re¬ 
flecting objects and rotate it accordingly. 
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YOUR HOUSE 


with a . . . 

CUSH CRAFT 

MONOBEAM 

The caption may be slightly exaggerated, but we all 
know that the only way to get real performance is with 
a full size single band beam. 
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the truth about 


5/8-wavelength vertical 


antennas 

This practical discussion 
of 5/8-wavelength 
vertical antennas 
adds perspective 
to the varied 
gain claims 
seen in the 
amateur magazines 


The recent growth in popularity of the 
5/8-wavelength vertical radiator, particu¬ 
larly for use at vhf, has given rise to many 
varied claims as to its performance. Sever¬ 
al local amateurs have been unable to 
detect improved performance after chang¬ 
ing from quarter-wave to 5/8-wavelength 
antennas. Because of my vocation as an 
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antenna engineer, I was prevailed upon to 
examine the problem. A theoretical anal¬ 
ysis was considered and several actual 
measurements were performed. 

theory 

A monopole antenna mounted on a 
ground plane may be considered equiv¬ 
alent to a free-space vertical dipole having 
each dipole arm equal to the length of the 
monopole. The lower arm of the dipole 
corresponds to the image of the mono¬ 
pole reflected in the ground plane. Equiv¬ 
alent radiation patterns may be expected 
as shown in fig. 1. A ground plane of 
infinite size is assumed. 

Actually, with any finite ground plane 
size and where the field strength is 
measured at a point some distance be¬ 
yond the edge of the ground plane, the 
pattern is altered considerably by reflec¬ 
tion from the discontinuity at the edge of 
the ground plane. The resulting pattern 
has multiple lobes caused by phase inter¬ 
ference of the direct and edge reflected 
waves. Fig. 2 shows the results of an 
actual measurement made with a large 
but finitely-sized ground plane. Notice 
that the signal maximum is at an angle 
considerably above the horizon where it 
is not useful for ground-wave communica¬ 
tions. 

If an infinite ground plane is assumed 
and the monopole is analyzed as its 
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equivalent dipole, we must formulate a 
mathematical expression for the field 
strength as a function of angle from the 
antenna. This angle, commonly called 0, 
is measured from the zenith (straight up) 
and equals 90 degrees at the horizon. The 
field strength at any 0 angle may be 
calculated by summing the radiation from 
an infinite number of short current ele¬ 
ments spaced evenly along the length of 
the dipole. This type of summation is 
performed mathematically by a calculus 
technique known as integration. 

Phase must be considered in this sum¬ 
mation since the radiation from some 



_L 

Q 


Where 

E = field strength in volts per meter 
l 0 = current maximum in rms amperes 
L = overall length expressed in wave¬ 
lengths 

r = distance from the antenna in 
meters 

The mathematically inclined reader 
will recognize that for a given current 
maximum, wavelength and distance this 
formula yields a maximum horizon 
(0=90°) field strength when the dipole is 
one wavelength long. If you intend to use 
an impedance-matching network to 
match any arbitrary length dipole to the 



fig. 1. Theoretical radiation pattern of a quarter-wave vertical monopole on an infinite ground plane 
is shown in (A), Theoretical pattern of a half-wave dipole in free space is shown in (B). 


current elements may cancel that from 
others by being out of phase. The ampli¬ 
tude of the currents in the short elements 
are not equal but each is a function of its 
position along the antenna. A very close 
approximation is to assume the current to 
be sinusoidal starting from zero at the top 
end because the end is an open circuit 
and no current can exist there. 1 

Assuming a sinusoidal current distribu¬ 
tion along the dipole and performing the 
mathematical integration yields the for¬ 
mula for field strength of a dipole: 2 

p 60^ . cos (7 tL cos 0) -cos ttL 

t X In X A 

r ° sm 0 


transmission line, and if it is assumed that 
the network is lossless, the transmitter 
will be able to deliver the same power to 
the antenna regardless of its length. How¬ 
ever, when a constant radiated power is 
maintained, the antenna current (also the 
unmatched impedance) depends upon the 
length of the antenna. The optimum 
dipole length for maximum horizon field 
strength will, therefore, not be one wave¬ 
length but will be somewhat longer. 

Since the formula is in terms of a 
constant rms current maximum, the prob¬ 
lem of determining optimum length for 
maximum gain becomes complicated. 
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In order to do this, you must have a 
method to calculate the power contained 
in the radiated field. Such a method 
exists if you can use the calculus tech¬ 
nique of integration. 3 Considering that 
the entire sphere of all directions from 
the antenna can be made up of an infinite 
number of small segments of solid angle 
and that the power contained in each 
segment is proportional to the square of 
the field strength (voltage) in that par¬ 
ticular direction, a mathematical summa¬ 
tion (integration) may be performed to 
calculate the total power. 

The result of this calculation may be 
obtained as an isotropic value. The iso- 


fig. 2. Radiation pattern of a quarter-wave 
vertical mounted in the center of a ground 
plane 16 wavelengths in diameter. (Antenna 
range test at 8 GHz, quarter-wave stub = 0.37'\ 
ground plane, 24.4” diameter.) 

One approach to the problem is to 
construct the three-dimensional antenna 
radiation pattern from the formula and 
then calculate the total power contained 
within the radiated field. You may then 
adjust current l 0 as necessary to hold the 
power constant as the antenna length is 
varied. The horizon field strength may 
thus be calculated under these conditions 
for various lengths until the optimum 
length is determined. 





fig. 3. Theoretical radiation pattern of a 
1.27-wavelength dipole in free space. 


fig. 5. Radiation pattern of the balun-fed and 
matched half-wave d ipole shown in fig. 4A. 

tropic is the field strength which would 
result in all directions from the antenna if 
the radiated power were spread evenly 
over the entire sphere about the antenna 
rather than being concentrated in certain 
directions as is the actual case. 

Details of the calculus procedures are 
beyond the scope of this article. How¬ 
ever, I have calculated the results shown 
in table 1, assuming the same current 
regardless of the dipole length. The re¬ 
sults show that the half-wave dipole itself 
has directional properties and exhibits 
2.15-dB gain over an isotropic (non-direc- 
tional) radiator. This is an important fact 
since the gain of any antenna may be 
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HALF-WAVE DIPOLE QUARTER-WAVE DROOPING 

GROUND PLANE 


5/0-WAVE VERTICAL 


0 0 9 


t-tf+X 



5/B -WAVE VERTICAL 


fig. 4. Five test antennas which were built by the author for radiation 
pattern measurements. Gain comparison radiation patterns for these five 
antennas are shown in figs. 5 through 9. 


o 


oj 


1-1/4 WAVE DIPOLE 
WITH ISOLATING 
CHOKE AT THE 
SUPPORT END 


expressed in dB above a dipole, or iso¬ 
tropic, or some other standard. Using the 
isotropic as reference will, of course, 
make the gain figure 2.15-dB higher than 
if a dipole is used, and larger numbers 
look better in the advertising. When you 
read a manufacturers claim be sure that 
the gain reference is specified, otherwise 
the claim is meaningless. 

The results also show that the dipole 
reaches its maximum gain when its length 
is 1.270 wavelengths, and that the gain 
decreases as it is further lengthened. That 
maximum of 5.18 dBi (dB over an 


theoretical maximum gain for the ideal 
situation of a matched dipole in free 
space or an equivalent matched monopole 
on an infinite ground plane. If the ground 
plane is less than infinite, the gain will be 
reduced from this maximum value. A plot 
of the theoretical radiation from a 
1.27-wavelength dipole appears in fig. 3. 

actual measurements 

In an attempt to determine just how 
much gain reduction results from using 
ground planes of practical dimension, I 
built a number of antennas and carefully 


table 1. Field strength and gain of various length horizontal dipoles. 


Dipole 

Field 

Isotropic 

Gain Ratio 

Ratio 

(wavelengths) 

(volts/meter) 

(volts/meter) 

(over isotropic) 

(dB) 

0.500 

1.00 

0.78065 

1.2815 

2.150 

1.265 

1.6730 

0.92165 

1.8152 

5.179 

1.270 

1.6613 

0.91511 

1.8154 

5.180 

1.275 

1,6495 

0.90878 

1.8150 

5.178 


isotropic) is equal to 3.03 dBd (dB over a 
dipole). 

Thus, we have verified the basis upon 
which the 1 -1/4-wave dipole or equivalent 
5/8-wavelength monopole radiator is 
commonly considered to be a 3-dB gain 
antenna. Bear in mind that this is the 


measured their radiation patterns. The 
antennas were measured on a test range at 
1000 MHz where signal reflections from 
the ground and surroundings could be 
controlled to at least 40-dB below the 
incident signal. The antennas were ro¬ 
tated while signal strength was auto¬ 
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matically plotted on a polar graph re¬ 
corder. 

Five antennas were constructed and 
their radiation patterns measured. The 
antennas were a half-wave dipole (fig. 
4A), a quarter-wave vertical with a droop¬ 
ing four rod ground plane, (fig. 4B), a 
5/8-wavelength vertical above a plane of 
four 1 /4-wavelength rods and using a 
shorted section of open-wire line in series 
with the feed to cancel reactance (fig. 
4C), a similar 5/8-wavelength vertical 
except with a shorted coaxial section for 



fig. 6. Radiation pattern of the quarter-wave 
drooping ground plane antenna shown in fig. 
4B. 


the series matching reactance (fig. 4D), 
and a 1-1/4-wavelength vertical dipole 
with a coaxial series matching reactance 
and end support isolated by a quarter 
wave choke (fig. 4E). All antennas were 
matched to less than 1.2:1 vswr so that 
no mismatch losses had to be considered 
when making gain measurements by sub¬ 
stituting one antenna for another. The 
radiation patterns are shown in figs. 5 
through 9. 

As expected, the half-wave dipole and 
the quarter-wave drooping ground plane 
exhibited nearly the same gain. Although 
the 5/8-wavelength verticals produced 
somewhat smoother patterns, they failed 
to yield significant gain over the dipole or 
quarter-wave vertical. The two schemes 



fig. 7. Radiation pattern of the 5/8-wave-length 
vertical on a 4-rod quarter-wave ground plane 
with a hairpin matching loop shown in fig. 4C. 


for matching the 5/8-wavelength rods 
appear to be equivalent. The 1-1/4-wave¬ 
length vertical dipole antenna supplied 
nearly the theoretical 3-dB gain and 
exhibited a pattern shape similar to that 
predicted from the formula. 

My only conclusion from this testing is 
that the usual image plane analysis of 
vertical monopoles is valid only for in¬ 
finite ground planes and is greatly in error 



fig. 8. Radiation pattern of the 5/8-wavelength 
vertical on a 4-rod quarter-wave ground plane 
with a series coaxial matching reactance shown 
in fig. 4D. 
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for very small ground planes. As you can 
see from fig. 1, even a ground plane many 
wavelengths in size is a poor approxima¬ 
tion of the infinite image plane. There¬ 
fore, it is not surprising that despite many 
gain claims, the 5/8-wavelength vertical 
ground plane frequently disappoints 
those expecting performance exceeding 
that of a quarter-wave ground plane. The 
mobile antenna situation is somewhat 
better due to the larger ground plane that 
a rooftop provides, but it is doubtful that 
even this advantage can add up to the 
3-dB gain theoretically achieved on an 
infinite ground plane. 



fig. 9- Radiation pattern of the matched 
1-1 /4-wavelength sleeve dipole with a decou¬ 
pling choke shown in fig. 4£. 


It is noted that the FCC is now 
requesting certified gain and pattern 
measurements from the manufacturers of 
antennas intended for use in amateur 
repeater stations. 4 The results of those 
measurements should indeed be very in¬ 
teresting. 
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five-to-one 

transmatch 


Transmatches always seem more compli¬ 
cated than they have to be, particularly if 
you recall that any transmission line 
impedance, real or complex, at any vswr, 
can be made to look like a 50-ohm 
resistive load by the use of only one 
inductance and one capacitance in the 
familiar L-network shown in fig, 1. 

What complicates the design of most 
transmatches is the desire to match al¬ 
most any impedance with reasonable and 
practical values of L and C. Examples of 
extreme mismatch problems are matching 
a "random length" long-wire antenna, 
using a center-fed dipole on half or twice 
its resonant frequency or using an anten¬ 
na fed with open-wire transmission line 
on several bands. 

These are extreme cases. More com¬ 
mon problems are the need to match a 
beam antenna that has been carefully 
pruned for the phone band in the CW 
portion, or the need to use a single 
coax-fed antenna over the entire 3.5- to 
4.0-MHz band. The mismatch in these 
cases is usually more than the transmit¬ 
ter's output network can handle, but in 
general the vswr is not more than 5:1. 

If you were to design a transmatch to 
handle a maximum vswr of 5:1 on a 
50-ohm line, it could be made quite 
simple, and would not require more than 
one inductance and one capacitance, both 
of quite practical size. 

As amateurs should all know by now, 
vswr for practical lines on bands below 30 
MHz is independent of line length. The 
resistive and reactive components of the 
mismatch, however, are a strong function 
of line length. For a vswr of 5:1 on a 
50-ohm line of any length, the resistive 
component will be between 10 and 250 
ohms and the reactive component will be 
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between plus and minus 120 ohms. A 
transmatch that will match these resis¬ 
tances and cancel these reactances on the 
3.5- to 30-MHz bands is diagrammed in 
fig. 2. 

construction 

The rotary inductor could be a John¬ 
son 229-202 or equivalent, having an 
inductance of 18 /u H. The capacitor is a 
surplus 5-gang unit used in WWII direc¬ 
tion-finding receivers. This capacitor has 
420 pF per section (2100 pF total with 
all in parallel). It should be used with a 
switch (S2), so that only one or all five 
sections can be used. The minimum 
capacitance with all five sections in paral¬ 
lel approaches 100 pF, and less than this 
may be needed. This capacitor is available 
from Barry Electronics and Fair Radio 
Sales, and possibly other surplus dealers. 

A word about component ratings. The 
capacitor is a high-grade receiving unit, 
but for any legal power rig, the voltage 
across it is nearly 1000 volts peak. I have 
tested my own unit to 1500 volts dc 
without any arc over. However, you may 
get a higher voltage than this is you are in 
the habit of tuning up at full power. If 
the capacitor does break down, it will 
impress on you forcibly that this is very 
bad practice and should be discontinued. 

The roller inductor is rated at 5 
amperes. Under some conditions the cur¬ 
rent may be higher than this, but not 
dangerously so. Here, the problem is heat; 
excessive heating could loosen the wire 
on the ceramic form or melt a solder 
joint. Except for high-power sstv or 
RTTY, average current will always be less 
than 5 amperes. 

The switches should be heavy-duty rf 
types. The switches from surplus BC-375 
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tuning units are good, as are the excellent 
rf switches made by the James Millen 
Company. 

tune up 

The best way to tune up this, or any 
other transmatch, is with a low-power 
50-ohm bridge and a signal source such as 
the Omega-T Noise Bridge, or the simple 
resistive bridge described in most editions 
of the ARRL Handbook, using a grid-dip 
meter as the source. 

If all you have is a vswr meter and you 
don't want to invest in any more test 
equipment, you should use no more 
power than is necessary to obtain a 
reliable vswr reading. Tuning up on full 
power is ungentlemanly, illegal and hard 
on components. Of course, when the 
proper settings have been found for all 
your mismatch conditions, they should 
be recorded for future operation under 
those conditions. 

Connect your vswr bridge between the 
power source and the transmatch. Since I 
must presume that all you know is your 
vswr and have no idea of what resistance 
and reactance it represents, you can flip a 
coin as to the initial position of SI. 
Switch S2 should place all sections of the 
variable capacitor in parallel. 

Start with an inductance of zero, then 
rotate the capacitor through its range. 
Make small increases in inductance, tun¬ 
ing the capacitor each time until a vswr of 
1:1 is obtained. If none is found, throw 
SI to its other position and repeat the 
process. This is far less tedious than it 



fig. 2. Circuit for the five-to-one transmatch. 
The rotary inductor is an E.F. Johnson 229*202 
or equivalent. 


sounds. The tuning is very broad, because 
the Q never exceeds 2.25. If you think that 
the Ls and Cs you get for a match don't 
seem to be proper for the band in use, 
don't worry. This could be a point where 
the resistive component is close to 50 
ohms, but where the reactance is as high 


L -NETWORK LOAD 



fig. 1. Basic L*network impedance-matching cir* 
cuits. Circuit in (A) matches loads with resis* 
tive component greater than 50 ohms. L* 
network in (B) matches loads with resistive 
component less than 50 ohms. 


as plus or minus 90 ohms—all perfectly 
normal. 

summary 

The five-to-one transmatch will actual¬ 
ly handle some, but not all, mismatches 
greatly in excess of 5:1 on the 3.5-MHz 
band. On the 7-MHz band, the range is far 
higher, and on higher frequencies it is 
almost unlimited. However, the compo¬ 
nents, particularly the variable capacitor, 
can easily fail at some standing-wave 
ratios higher than 5:1 when used with a 
high-power rig. This should be taken into 
account. 

In any event, if your mismatch require¬ 
ments are moderate, you can easily build 
this transmatch at a fraction of the cost 
of a wider-range unit. 

ham radio 
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radiation 


vertical 

patterns 
of horizontal 
antennas 


How antenna height 
affects the vertical 
radiation angle 
of horizontally 
polarized antennas 


There are many sources of information 
describing the vertical radiation angles of 
horizontal antennas (the angle above the 
horizon of the axis of the main lobe of 
radiation), but most of these references 
tend to go so deeply into theory that the 
reader is unable to answer the basic 
question, "How can I determine the 
radiation angle of my antenna?" The 
graphs presented in this article will go a 
long way toward answering that question. 

Height above ground, not antenna 
type, determines the radiation angle of 
horizontally polarized antennas. Al¬ 
though a parasitic antenna, such as a 
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I Yagi, will cause more power to be radia¬ 
ted at a low angle than a dipole, in both 
cases the vertical radiation angle is the 
same, assuming both antennas are at the 
same height. The effects of ground reflec¬ 
tion are probably most easily understood 
by studying the image antenna approach 
found in th e ARRL Antenna Book 1 and 
o other publications. 2 

§ Basically, if the antenna were to be sus- 

« pended in free space, the main lobe of radi- 
.2 ation would be directly in line with the 
J aperture of the antenna. When the anten- 
na is located near the earth, however, a 
> conflict occurs between the direct wave 

g from the antenna and the wave that is 



c 

O — fig. 1. Graph of major vertical radiation 

lobes for various horizontal antenna heights 
X up to 140 feet. 





VERTICAL RADIATION ANGLE VERTICAL RADIATION ANGLE 


reflected from ground. The phase dif¬ 
ference between these two waves results 
in cancellation and reinforcement at vari¬ 
ous angles above the horizontal. Where 
reinforcement occurs lobes are present, 
and at points of cancellation nulls appear 
in the vertical radiation patterns. Varying 
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ANTENNA HEIGHT (feet) 

fig. 2. Vertical radiation angle of first and 
second lobes of a 40-meter (7.250 MHz) hori¬ 
zontal antennas at heights up to 140 feet. 



fig. 3. Vertical radiation angle of pattern lobes 
for 20-meter (14.275 MHz) horizontal antennas 
at heights up to 140 feet. 


the height of the antenna above the 
reflecting ground changes the vertical 
angles of cancellation and reflection pat¬ 
terns. 

My interest in DXing, contest oper¬ 
ating, rag chewing and antennas led me to 
a very practical magazine article on the 
subject of vertical radiation patterns. 3 
This, in turn, resulted in many days of 


calculations and graph making, producing 
the graphs presented here which show 
angle of radiation vs antenna height above 
ground for 10, 15, 20 and 40 meters. 

The following method was used to 
plot the graphs. This approach is based on 
the fact that the incident and reflected 
waves, when analyzed vectorially, are in 
phase at 90°, 270°, 450°, 630°, 810°, 
etc. 

1. Calculate the wavelength (in feet) of 
the frequency being considered: 

984 

X = wavelength (feet) = z - 

t MHz 


This represents one wavelength or 360 
electrical degrees. 


2. Determine the antenna height in elec¬ 
trical degrees: 

hi 

h A = antenna height (degrees) = 360-^- 


where hi is the height of the antenna and 
X is one wavelength, both in feet. 

3. Compute the vertical angle of radiation 
for each lobe 


sin a 


90 270 450 630 810 


etc. 


where a is the vertical angle of each lobe. 

4. From a table of natural trigonometric 
functions, find the vertical radiation 
angle, a, for each value of sin a up to 90°. 
Since 90° is straight up (sin a = 1.00), 
higher values are not valid. 

For example, assume you have a hori¬ 
zontal 20-meter antenna installed on top 
of a 70-foot tower. What is the vertical 
angle of radiation at an operating fre¬ 
quency of 14.275 MHz? 

1. One wavelength at 14.275 MHz is 68.9 
feet: 


X = 


_984_ 

14.275 MHz 


= 68.9 feet 


2. A 70-foot tower represents 365.6° at 
14.275 MHz: 


h A = (360°) 6 ||-= 365.6° 

3. To find the vertical angle of the first 


may 1974 GB 59 



(primary) lobe. 


90“ 

an* 


qn 0 

sin “ = 365%” = 0246 ' 

Consulting a table of natural sine func¬ 
tions, the vertical angle is approximately 
14.25° (see fig. 3). The second lobe is at 
approximately 47.5°. 

270° 

sin a = = 0.739, a = 47.5° 

365.6 

Therefore, the first (major) lobe oc¬ 
curs at 14.25° above the horizontal while 
the vertical angle of radiation for the 
second lobe is 47.5°. 

Fig. 1 is a composite graph of the first, 
or major lobes, on 10, 15, 20 and 40 
meters for antenna heights from 8 V 2 to 
140 feet. The curves were all calculated 
for the center of the American phone 
bands except for 10 meters. The low end 
of the American portion of 10 meters was 
chosen because of the concentrated ac¬ 
tivity in this area of the band. The angle 
of radiation will not vary appreciably 
from one end to the other on any of the 
bands. 

Figs. 2 through 5 show all of the lobes 
present on each band for any given 
height. Again, the lines are the lobes of 
vertical radiation and the null points are 
approximately midway between lobes. 
Never pick an antenna height which will 
present any lobe at 90° — this results in 
wasted radiated power. One interesting 
observation I made is that 70 feet is the 
only antenna height on the graphs that 
has a null point at 90° on each band! 

It should be pointed out that these 
graphs were based on the assumption that 
electrical ground (the electrical plane 
from which the antenna waves are reflec¬ 
ted) is at the physical surface of the 
ground. In actuality, electrical ground 
varies considerably from one location to 
another, and may be located from several 
inches to several feet below the surface. 

These graphs, combined with a little 
operating experience, should be helpful in 
selecting the proper antenna height for 
DXing or short-haul propagation, or both, 
depending on your choice of radiation 
angle. 

60 GS may 1974 



fig. 4. Vertical radiation angle of pattern lobes 
for 15-meter (21.250 MHz) horizontal antennas 
installed at heights up to 140 feet. 



ANTENNA HEIGHT (feet) 


fig. 5. Vertical radiation angles of pattern lobes 
for 10-meter (28.5 MHz) horizontal antennas 
installed at heights up to 140 feet. 
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pi network 


design aid 


Presenting a set 
of curves 
for choosing 
power amplifier 
components 
to provide 
optimum 
tank-circuit efficiency 
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The tank circuits of yesterday, with their 
beehive insulators and cumbersome cop¬ 
per tubing coils, have all but disappeared 
from modern transmitters. The main rea¬ 
son is, of course, that today's rigs are 
designed for use with coax transmission 
lines. The simplest and most efficient 
means of transforming the high plate-load 
impedance of the final amplifier tube to 
low-impedance coax is with a pi or pi-L 
network. The pi network is the most 
often used of the two circuits since it 
requires fewer parts. 

Much design data on pi networks has 
appeared in the literature over the past 15 
years and will not be repeated here. The 
purpose of this article is to present design 
data for those who wish to build a 
pi-network amplifier without wading 
through a multitude of table lookups and 
without having to convert component 
reactance values into equivalent capaci¬ 
tance and inductance. 


9 
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ground rules 

To keep things simple and still provide 
useful data for most amateur applica¬ 
tions, the curves are based on the general 
case; i.e., a tank circuit Q of 12, tube load 
impedances between 1000 and 4000 
ohms, and an output impedance of 50 
ohms. The advantage of using these 
curves is that no interpolation is required 
for values that don't appear in published 
tables of such data. You can pick off 
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exact values of capacitance or inductance 
directly from the curves. 

The curves are based on calculations 
for tube load impedances used in the 
Class C mode: 


where 

R l = tube load impedance (ohms) 

E b = tube plate potential (volts) 
l B = tube plate current (amperes) 

using the curves 

As mentioned previously, the curves 
are based on an operating Q of 12, which 
is optimum in terms of tank-circuit ef¬ 
ficiency and harmonic attenuation. Most 
rigs today cover the bands between 3.5 
and 28 MHz with bandswitching coils. 



PLATE LOAD (KILOhMS) 


fig. 1. Curves of inductance as a function of 
tube plate-load impedance for pi networks. 
Loci of constant inductance for the five ama¬ 
teur hf bands are shown for the B&W 850A 
tapped inductor example discussed in the text 
(lines A, B t C, O and E). 

One of the problems in such transmitter 
designs is finding components that will 
operate satisfactorily over the desired 
five-band frequency range while still 
maintaining reasonable circuit Q. 

If the Q is to be held at or close to 12 
in an amplifier that's switchable over the 
five high-frequency bands under different 
operating modes (CW and ssb), then it is 
difficult if not impossible to find off-the- 
shelf components for the pi network 


input capacitor, inductor and output 
capacitor. Several compromises have been 
reported for resolving this problem. An 
example is given in reference 1, which 
shows one way to deal with the designer's 
dilemma involving different plate-load im¬ 
pedances in a pi network tank for 1-kW 
CW and 2-kW pep ssb operation. 

In this case, a multi-tapped coil is 
used, with two taps for each band, one 
for CW and one for ssb. Lacking a 
continuously variable inductor, this is one 
way to obtain the optimum inductance 
for different plate-load impedances — it 
requires a little work, but it's less expen¬ 
sive than buying a rotary inductor that 
will handle the power involved. 

design example 

An inductor can be designed to pro¬ 
vide the correct inductance for most plate 
load impedances with the aid of the 
curves in fig. 1. Included in fig. 1 are loci 
of constant inductance (straight lines) for 
the popular B&W model 850A tapped 
bandswitching inductor. This inductor is 
extremely rugged and has been used by 
many amateurs in multiband amplifiers. 
However, as with many manufactured 
components, it is a compromise; the 
manufacturer tries to put out a product 
that will be useful for general applica¬ 
tions, and to obtain optimum perform¬ 
ance for a specific plate load impedance 
requires further work by the amateur. 

For example, suppose you wish to 
design a five-band rf amplifier around the 
B&W 850A inductor. Assume that dc 
power input is to be 1 kW. If plate 
voltage is, say, 3000 volts and plate 
current is 0.3 ampere, the plate load 
impedance, from eq. 1, will be R u =1800 
ohms. From fig. 1 inductance values for 
this load impedance would be: 


band 

L (/iH) 

B&W 850A L (juH) 

3.5 

7.6 

13.5 

7 

3.8 

6.5 

14 

1.88 

1.75 

21 

1.25 

1.0 

28 

0.92 

0.8 


may 1974 El 63 



















Clearly, the taps on the 850A inductor 
are not located to provide the optimum 
inductance for the plate load impedance 
in the example, especially for the two 
lower bands. The coil taps are closer to 
the proper inductance for the three high¬ 
er-frequency bands, but optimum ef¬ 
ficiency and power output cannot be 
obtained unless the plate load impedance 
is more accurately matched for all five 
bands. The remedy is to rework the coil 
so that the taps are located to provide the 
inductances shown by the curves. 

By consulting fig. 1 and eyeballing the 
particular tapped coil under consideration 
(in this case the B&W 850A), it's fairly 
easy to judge where the taps should be 
relocated to provide the proper induc¬ 
tance for the particular plate load im¬ 
pedance involved. Clip leads may be used 
between the coil and switch points, after 
disconnecting the existing coil taps, to 
obtain the proper inductance experi¬ 
mentally. Then new taps can be installed 
in place of those on the as-built coil. 

In my case, using a 4-1000A in 
grounded grid, I was able to increase 
transmitter power output substantially on 
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fig. 2, Pi network input capacitance as a 
function of plate-load impedance. 
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fig. 3. Pi network output capacitance as a 
function of plate-load impedance. 


all bands by relocating the taps on the 
B&W 850A coil in the amplifier pi net¬ 
work. If you'd rather not modify the coil, 
the cl ip-lead method can be used instead 
— a not too elegant way of doing the job, 
but the coil can easily be returned to its 
original configuration for trading pur¬ 
poses at the next swap meet. 

The curves in figs. 2 and 3 are included 
for the remainder of the pi-network 
design problem. These curves provide 
values for the input and output capacitors 
(Cl, C2) for plate-load impedances be¬ 
tween 1000 and 4000 ohms. The same 
ground rules apply as for the inductor: 
operating Q of 12 and 50-ohm output 
impedance. You'll probably find that 
another compromise will be necessary in 
the choice of C2 for specific frequencies. 
For example, if you wish to use a variable 
capacitor for C2, it will probably be 
necessary to use fixed capacitors in paral¬ 
lel with C2 on certain frequencies to 
obtain optimum transmitter loading. 
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comments 


log-periodic antennas 


Dear HR: 

When I first built the five-element 
vertical 40-meter log periodic described 
by W4AEO in the September, 1973, issue 
of ham radio (page 46) and put it on the 
air, it didn't perform at all like it was 
supposed to. After checking all dimen¬ 
sions and the feedline transposition, 
WB4JEZ/5 and I sat down and scratched 
out heads — the antenna still didn't have 


Dear HR: 

I am afraid I have not stressed enough 
the importance of transposing the open 
center feedline that must be used with 
log-periodic antennas. It is an absolute 
must Several amateurs who have written 
to me about log periodics built from 
my articles have indicated that the 
antennas have no gain but appear to have 
a bi-directional pattern off the sides of 
the antenna. In practically all cases this is 
caused by a failure to transpose the 
center feedline as shown in fig. 1. Note 



fig. 1. Center feedline connections to every 
other element of a log-periodic antenna must be 
transposed for proper operation, as shown here. 


that every other element of the log 
periodic is connected to the opposite side 
of the center feeder. For more informa¬ 
tion on this essential part of log periodic 
construction, refer to my article in the 
September, 1972, issue of ham radio 
(page 33), or read my article on page 6 
of this issue.. 

George Smith, W4AEO 
Camden, South Carolina 


any directivity. In a fit of desperation I 
drove a ground rod in at the balun, which 
is mounted at the front of the vertical 
array, and grounded the shield. What a 
difference! The antenna now works as 
advertised. The problem was a ground 
loop — without the additional ground rod 
the shield at the balun was not grounded. 

Tom Morrison, WB5IZN 

noise bridge 

Dear HR: 

After building the noise bridge that 
appears in the January, 1973, issue of 
ham radio, the following thoughts came 
to mind that might be useful for anyone 
attempting to build the noise bridge. 

Although the author does not mention 
the wire size he used for winding the 
tri-filar winding on the T-37-10 toroid 
core, number-26 enameled worked very 
well. Once the primary side of the coil is 
connected to the circuit, the problem of 
finding the proper connections for the 
secondary with the four remaining wires 
can be solved as follows: wire this portion 
of the noise bridge last. With a receiver 
connected find the two wires that, when 
joined together and connected to the 
detector, will give the greatest noise 
output on the receiver (the remaining two 
wires must also be connected as per the 
schematic). Then connect a resistor of 
known value around 50 ohms to the Z x 
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connector and adjust the R x pot for a 
pronounced noise null in the receiver 
output. When this occurs, you know that 
the coil leads are correctly connected. 

I might also mention that the 68-pF 
mica capacitor and the 140-pF variable 
capacitor were eliminated from my noise 
bridge since I am only interested in 
finding the resonant frequency of anten¬ 
nas, transmission lines, etc., and the resis¬ 
tance at resonance. 

Since most amateur antennas have a 
resistance of less than 100 ohms at 
resonance a builder might want to substi¬ 
tute a 100-ohm composition pot for the 
250-ohm pot used in the article. It was 
found on my noise bridge that the space 
between 10-ohm intervals was somewhat 
small when calibrating the resistance dial. 

In comparing the performance of this 
noise bridge with an Omega TE-7-01 
noise bridge that I have been using for 
three years, the results were very satis¬ 
factory. All tests were below 30 MHz. 

John Lawson, K5IRK 
Amarillo, Texas 

standing-wave ratios 

Dear HR: 

The article in the July, 1973, issue by 
W2H8 on "The Importance of Standing 
Wave Ratios" was very interesting and 
informative. Several small points seem, 
however, to invite some comment and 
clarification. 

Figs. 1 and 2 are stated to depict 
conditions in a system with a vswr of 2:1. 
The curve shown in these figures is for a 
vswr of 3:1. Furthermore, its shape is 
shown as sinusoidal. When the magnitude 
of the voltage wave is considered without 
regard to polarity, which is the case here, 
the curve has the shape of a full-wave- 
rectified sinewave. 

The first full paragraph at the top of 
the second column of page 32 regarding 
reflection at resistive terminations is 
somewhat misleading. It is certainly true 
that real power flows in only one direc¬ 
tion — from generator to load. However, 
a reflected wave does exist at any resistive 


termination which does not match the 
impedance of the line. The implicit defi¬ 
nition of "passive" ("That is, it cannot 
reflect . . . .") is not standard usage. 
Reactive elements may also be passive. 
This paragraph might well have been 
omitted from this otherwise generally 
very clear and useful article. 

Kenneth H. Beck, W3VDX 

Mr. Beck is quite correct in pointing 
out that the minimum voltage of the 
curves shown in my figs. 1 and 2 should 
be 0.5 instead of 0.3. This error is 
embarrasing for it resulted from having in 
mind the 3:1 ratio of the incident wave 
to the reflected wave that exists when the 
vswr is 2:1. Also, / have no quarrel with 
his comments about the shape of the 
curves. However, / would like to point 
out that insofar as the article is con¬ 
cerned, only the location of the peak and 
minimum voltage points is of importance, 
and the curve shapes shown should not be 
disturbing to the reader. 

Again / must agree with Mr. Beck that 
perhaps the choice of the word "passive" 
in discussing resistive loads was unfortu¬ 
nate because it is not standard usage. 
However, / was trying to stress the fact 
that a resistive load by itself does not, 
and cannot, reflect power in any kind of 
circuit including rf transmission lines. We 
consistently hear the statement made that 
power is reflected by the load. This 
statement is particularly incorrect when 
the load is pure resistance. Evidently the 
difficulties involved in explaining i he 
mechanism of reflection has been avoided 
to the extent that the load has become 
credited with a false capability. 

The mechanism by which reflection 
does take place on a transmission line has 
been described in excellent detail by 
W2DU in the August, 1973, issue of QST. 
In this article the author has made it dear 
that reflection takes place as a result of 
the voltage and current conditions at the 
load, and the effect that these conditions 
have on the electric and magnetic fields at 
the load end of the line. 

Earl Whyman, W2HB 
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programmable 
calculator simplifies 
antenna design 

Within the past year there has been a 
whole new series of programmable elec¬ 
tronic calculators introduced to the mar¬ 
ket. These new calculators are a whole 
new breed of cat and are nothing like the 
home-variety hunt-and peck units that do 
a good job of wearing your fingertips 
down to the first knuckle. One of the 
programmable calculators currently avail¬ 
able is the Compucorp 322G* which sells 
for slightly under eight bills. That's right, 
just this side of $800. For this price you 
get ten memory registers, 80 program 
steps and memory retention like a bear 



The Compucorp 324G programmable calculator 
used by the author. 
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tebook 

(unless some idiot turns it off). Further¬ 
more, this unit is completely unbothered 
by large rf fields — at my station it sits 
placidly on the operating table, com¬ 
pletely ignoring my pair of 813s. 

Although the price tag is premium, 
you have to operate one of these pro¬ 
grammable calculators to get the feel. It is 
all so simple. Just stick a few sample 
parameters into the memory registers and 
then load the program and switch the 
calculator back to run. Then you can play 
games with new items in the memory 
registers, hit the start button, watch it 
wink its readout light and hang up on the 
answer. 

antenna design 

A programmable calculator such as the 
Compucorp 322G can be used in all kinds 
of antenna designs, but a simple two- 
tower directional antenna design will be 
presented here. However, there's no rea¬ 
son to stop at two verticals — the 
calculator will also handle four, provided 
you have the scratch to put up four 
towers. Nor is the calculator limited to 
antenna designs — it will handle nearly 
any sort of design problem you can load 
into it. 

For example, you can load the calcu¬ 
lator with a program to tell you which 
way to point the beam when you're 
working DX, and it will do the job 
quicker than your rotator can bring the 
beam around! I use a Compucorp 324G 
which stores two 80-step programs — the 
second to tell the guy on the other end 
which way to aim his beam. 

For the specifics of the two-element 
directional array design, refer to fig. 1. 

•Compucorp, manufacturer of the 324G pro¬ 
grammable calculator shown in the photograph, 
is located at 12401 West Olympic Boulevard, 
Los Angeles, California 90064. 
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ThU proqrin cilcul*tes th« radiated fi«ld intensity, from t twc-tower 
directional array, at an iilimth angle, *, measured from the reference 
axis (the line passing thru both tpw»rj) and at a vertical angle, e , 
measured from the ground plane. 

The program includes a steppmq increment, allowing evaluation of field 
intensity for successive values of 4 


find the radiated field Intensity from the following information: 

- Aaimuthal angle * of 15*. 

- Yertual angle #, measured from ground plane of OV 

- Field phase of second tower, A,, of 35”- 

- Ratio of field which second tower radiates above that radiated 
by reference element *1, Rj * 1.15. 

- Spacing between towers. 5 - 15Q. 

- Multiplying Constant, f = 758.287 mv/m. 

- fill Constant, calculated from ||.0 • !t|}/2R 2 . w * I-OOR78. 

Follow load procedure on reverse side. Steps 1-4, continue by: 


tNTfR 

15 

758.287 

1.00978 

n 

ISO 


PRESS 

ST, 1 
ST, 2 
ST. 3 
ST, 4 
ST, 5 
ST, 6 


- Azimuth angle * 

- It 

- U 

- 

- s 

- Vertical angle 

74.997 - Radiated field i 


Program Ho. 880*24? 
Page ? of 2 



fig. 1. Compucorp’s program for designing a basic two-tower directional antenna. 


This is a reproduction of Compucorps's 
program 8806242 which is based on the 
design procedure described in Jasik's An¬ 
tenna Engineering Handbook A The pro¬ 
gram has a number of subtleties such as 
unequal ratios of rf fields between tow¬ 
ers, vertical angle 9, which tells you 
what's happening at a specific radiation 
angle, and most important of all, a 
stepping increment which walks the thing 
around the azimuth by a specified incre¬ 
ment (put in during the load phase) every 
time you hit the start/stop key. For the 
uninitiated, this is the old routine, "N = n 

noise bridge 

The prospect of tuning a new quad 
and adjusting a shunt-fed tower for 160 
meters led to the construction of the rf 
bridge described by WB2EGZ (hr, De¬ 
cember, 1970, page 18). The completed 
instrument performed perfectly, with 
very deep calibration nulls. However, 
once the bridge was connected to an 
existing 20-meter beam to determine that 
antenna's resonant frequency, a serious 
flaw appeared — signals on the ssb seg- 


+ a,” where N is the new value, n is the 
old value just presented and a is the 
increment. 

The applications for the programmable 
calculator are limited only by your im¬ 
agination. For those who are remiss to 
use their imagination, Compucorp will 
soak them $19.95 for the entire antenna 
design package. 

reference 

1. Henry Jasik, Antenna Engineering Hand¬ 
book, McGraw-Hill, New York, 1961, equation 
20-19. 

Raymond Aylor, W3DVO 


ment of the 20-meter band were any¬ 
where from 5 to 30-dB stronger than the 
noise from the bridge. 

W5QJR mentioned the need for high- 
level amplification of the noise generated 
by the bridge in the first article on this 
type of instrument several years ago 
("The Antenna Noise Bridge," QST, De¬ 
cember, 1967, page 39), and I learned 
quickly that this was the case. A stage- 
by-stage check revealed that everything 
was functioning properly, but that gain 
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fig, 2. Broadband noise amplifier for use with 
antenna noise bridges for high-frequency 
measurements. 

through the broadband amplifier was on 
the order of a mere 15 dB. Not quite 
enough for normal signal conditions on 
the high-frequency bands. 

The circuit of fig. 2 was breadboarded 
and found to provide 35 to 50-dB of 
additional gain (not entirely constant 
over 1.8 to 30 MHz). Three strong feed¬ 
back loops are introduced between the 
driver and final amplifier. Both devices 
are high f T , high beta types, and substitu¬ 
tions of other popular devices (such as 
the 2N3053, 2N2102, 2N697, 2N706, 
etc.) will cut overall gain by 10 to 20 dB, 
so the devices specified should be used. 
The amplifier was mounted on its own PC 
board, which in turn was mounted in the 
Minibox on the opposite side from the 
first PC board (where the battery is 
shown in the WB2EGZ instrument). 

The battery fits snugly between the 
ends of the PC board and the bottom of 
the Minibox. Lead wires were simply run 
from the output of the WB2EGZ ampli¬ 
fier to the input of the additional ampli¬ 
fier, and the output from the second 
amplifier was connected to the broad¬ 
band balun. One slight improvement over 
the WB2EGZ version involves mounting 
the potentiometer terminals so that they 
point directly to the input/output recep¬ 
tacles, rather than as shown in the 
photos. Zero lead length is thus achieved 
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by mounting each component of the 
bridge directly to the receptacles and the 
pot terminals. No reactance arises as a 
result. 

The additional broadband amplifier 
provides a noise signal that blankets any 
signal on the high-frequency bands. Fur¬ 
ther, accuracy of null detection is greatly 
increased since the noise drops about 40 
dB to reach incoming signal levels, and a 
complete null is down about another 10 
to 15 dB. I've found that the bridge now 
can be tracked down to about a 5-kHz 
bandwidth. 

Ade Weiss, K8EEG 

ST-5 keys polar relay 

Here is a very simple way to key a 
polar relay with the ST-5 RTTY demodu¬ 
lator (see fig. 3). I use this method to key 
my transmitter and it works very well. It 
may also be used to key an AFSK 
oscillator which feeds a tape recorder. 
This way you can make a recording on 
the hf bands and replay it on vhf. 

Fred Gilmore, W0 LPD 



fig. 3. Simple circuit for keying a polar relay 
with an ST-5 RTTY demodulator. 

short circuit 

In the article describing the Universal 
Frequency Standard in the February, 
1974, issue, the HEP50 in fig. 5 (page 44) 
is missing a 1000-ohm collector resistor; 
the printed-circuit layout on page 46 is 
okay. Also, the wiper of PA-12 (switch 
S2) should be grounded. The output from 
pin 11 of U5, a 7493 binary-counter 1C, 
is 12.5 kHz, not 2.5 kHz. 









new ham-m rotator 



The new Ham II rotator introduced 
recently by CDE succeeds the popular 
Ham-M rotator used by amateurs for 
years. The new Ham II features a new 
brake release control, separate directional 
controls and stainless-steel gears and hard¬ 
ware. 

The all new, modern design control 
box is styled to compliment surrounding 
communications equipment and provides 
built-in, operator-controlled brake release 
for improved longevity of the entire 
antenna/rotator package. The calibration 
control is now located on the front panel 
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for ease in maintaining directional accu¬ 
racy. Also included on the front panel is a 
separate off/on switch which offers con¬ 
tinuous direction indication on the illumi¬ 
nated meter, making access to the rear of 
the control box unnecessary. Individual 
snap-action switches are used for 
rotation-direction control. 

The new Ham II rotor continues the 
tradition of the heavy-duty, cast- 
aluminum bell housing, long the trade¬ 
mark of CDE amateur antenna rotators. 
The inline construction evenly supports 
the load on two six-inch bearing races 
containing 98 ball bearings. An 
electrically-controlled wedge brake is 
housed in the base, positively locking the 
rotor in any of 96 segments (3° 45" 
apart). The high torque motor drives the 
unit through a machined stainless-steel 
gear and pinion assembly, rotating a full 
360 degrees in less than 60 seconds. 
Designed for antennas of up to 7.0 square 
feet of wind load area, the rotor accepts 
masts from 1-3/8 to 2-1/6 inches {3.5 to 
5.2 cm). A tower-mounting kit and 
south-center meter-scale kit are available. 

Also new from CDE is the CD44 
antenna rotator which succeeds the popu¬ 
lar, intermediate range TR44 often used 
by amateurs for smaller antenna systems. 
For more information on the new Ham II 
or CD44, write to Cornell-Dubilier Elec¬ 
tronics, Division of Federal Pacific 
Electric Company, 2070 South Maple 
Street, Des Plaines, Illinois 60018, or use 
check-off on page 110. 

two-meter colinear 

The new Hustler two-meter colinear 
antenna. Model G6-144-A, is expressly 
designed for repeater or fixed station 
operation on two meters. FCC accepted 
for repeater application, the antenna is 




conservatively rated at 6-dB gain based on 
El A Standard RS-329 (gain over a 
1/2-wave dipole). Special features built 
into this 117-inch antenna include high- 
power capability, shunt feed with dc 
grounding, easily accessible SO-239 coax 
connector, four radials, heavy duty 
construction and double U-bolt mount¬ 
ing. Price is $49.95 amateur net. For 
additional information, write to Sales 
Department, New-Tronics Corporation, 
15800 Commerce Park Drive, Brookpark, 
Ohio 44142, or use check-off on page 110. 

multi-band 
antenna coupler 



The new Gold Line GLC 1079 Multi- 
Band Antenna Coupler allows you to use 
your standard car radio antenna to moni¬ 
tor 20-70 MHz, 148-175 MHz and 
250—470 MHz as well as your a-m/fm 
car radio. It can couple up to five bands 
without a new or special antenna. Two 
cables are included for easy hook-up. 
Price is $12.95 from Gold Line Connec¬ 
tor, Inc., Muller Avenue, Norwalk, 
Connecticut 06852. For more informa¬ 
tion, use check-off on page 110. 

low-loss uhf coax 

The Antenna Specialists Company has 
introduced what it claims to be the first 
major development in communications 
coaxial cable in twenty years, PRO- 
FLEX lm 450, which offers significantly 
reduced power loss in the ultra-high- 
frequency range and higher ambient 
temperature ratings. The new cable, 
which is intended primarily for vehicular 



American Made Quality at Import Price 


Full 12 Channel, 15 Watts 
with HI/LO power switch 

Here is everything you need, at a price 
you like, for excellent 2 meter FM 
performance. The 12 transmit channels 
have individual trimmer capacitors 
for optimum workability in point- 
to-point repeater applications. 
Operate on 15 watts (minimum) 
or switch to 1 watt. 0.35 uv sensitivity 
and 3 watts of audio output 
make for pleasant, reliable listening. 
And the compact package is 



Amateur Net 


CD 

•e^va^ELECTRONICS, INC. 

7707 Records Street 
Indianapolis, Indiana 46226 


An FM Model For Every Purpose . .. 
Every Purse 



| HR 6 HR-220 ACT 10-H/UU 

I 12 Channel 25 Wall 12 Channels 10 Walls 3 Band 10 Channel PM 
1 6 Meter PM Transceiver 220 MH* PM transceiver Scanner Receiver 
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CRYSTAL FILTERS 
and 

DISCRIMINATORS 

by K.V.G. 


10.7 MHz FILTERS 



XF107-A 

14kHz 

NBFM 

$40.60 

XF107-B 

16kHz 

NBFM 

$40.60 

XF107-C 

32kHz 

WBFM 

$40.60 

XF107-D 

38kHz 

WBFM 

$40.60 

XF107-E 

42kHz 

WBFM 

$40.60 

XF102 

14kHz 

NBFM 

$ 7.95 

XM107-SO4 

14kHz 

NBFM 

$18.95 

XF102, 

2 POLE 

IN HC18/U 

CAN 

XM107-SO4, 4 POLE IN HC6/U 

CAN 

10.7 MHz DISCRIMINATORS 


XD10701 

30kHz 

NBFM 

$22.10 

XD10702 

50kHz 

WBFM 

$22.10 


IT’S TIME 
FOR 432 


installations but may also be used effec¬ 
tively in base station installations of 
moderate power, is rated at 150° F 
ambient rather than 104° F commonly 
associated with conventional RG-58/U 
cable. The cable construction consists of 
an inner-conductor, an inner-dielectric of 
foam polypropylene, shield braid and an 
outer jacket of purest non-migrating 
vinyl. Antenna Specialists is now convert¬ 
ing production of its heavy duty uhf and 
vhf professional mobile antennas to in¬ 
clude the new PRO-FLEXtm 450 cable. 
It also is available in bulk quantities of 
100, 500 and 1,000 feet for the conven¬ 
ience of systems designers and for 
replacement applications. Complete 
specifications may be obtained by writing 
to: Mr. Larry Kline, Professional Products 
Manager, The Antenna Specialists 
Company, 12435 Euclid Avenue, Cleve¬ 
land, Ohio 44106, or by using check-off 
on page 110. 


$47.50 f.o.b. 


MULTIBEAM 70/MBM46 
420-450 MHz 
46 Elements 19.5 dBi Gain 



140-153 MHz 


28-32 MHz 


MMv 432 High Power Varactor Tripler 
Input: 140-153 MHz 
20 watts max. 

Output: 420*459 MHz 

12 watts min. $75,20 

MMc 432 

Input: 432*436 MHz 
Output: 28*32 MHz 
Noise figure: 3.8 dB typical 
Gain: 28 d8 nominal $54.45 

Write for complete details on this exciting 
432 (or 450 MHz) package! 




SPECTRUM 
INTERNATIONAL 
BOX 1084 CONCORD 
MASSACHUSETTS 01742 


little giant antenna 


imsvfii 



Stan Byquist's "Little Giant" antenna 
is not exactly new—he received his patent 
on it back in the 1950s and there was 
some publicity for it then—but he has 
recently resurrected the design and its 
unique character deserves mention in 
these pages. 
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In brief, the Little Giant is a highly 
compressed single-band antenna that can 
be used in situations where conventional 
antennas are out of the question. The 
largest model, for 80 meters, is only 
27-inches (68.6-cm) high and 32-inches 
(81.3-cm) wide; even smaller models are 
available for use on 40 through 10 
meters. Bandwidth is necessarily small, as 
would be expected of such a small and, 
therefore, high-Q antenna. User reports 
have been quite favorable considering 
that any drastically shortened antenna is 
bound to be a compromise in perform¬ 
ance. Amateurs with a space problem 
should contact Stan at the Little Giant 
Antenna Labs, Vaughnsville, Ohio 45893, 
or use check off on page 110. 

monobander antenna 



KLM Electronics has introduced a 
new, 20-meter "big stick" monobander 
antenna which provides constant gain and 
flat vswr over the complete frequency 
range from 13.9 to 14.4 MHz. By using 
very efficient driven elements, the five- 
element array provides optimum gain of 
9.7 ±0.2 dB gain over a dipole with better 
than 35-dB front-to-side and 30-dB 
front-to-back ratio. A boom length of 41 
feet and turning radius of 28 feet are 
combined with rugged construction to 
yield a beam that weighs in at only 65 
pounds. Feed impedance is 200 ohms, or 
50 ohms with KLM's optional 4-kW PEP 
balun, priced at $14.95. The 20-meter 
monobander is priced at $199.95. For 
more information, use check-off on page 
110, or write to KLM Electronics, 1600 
Decker, San Martin, California 95056. If 
you're in a hurry, call them at (408) 
6834240. 



GREGORY ELECTRONICS 

Reconditioned & Used 
FM 2-WAY RADIO SAVINGS 

Send for New Catalog 


Partial Listing 
from our new 
’74 catalog... 



General Electric 
Telephone Control Heads, 
with handsets, 
less brackets, as is, 

$ 48.00 



2 Meters 

General Electric 
Progress Line 
4 freq. transmit 
and receive decks. 

GE #7776221-G7, 144-174 MHz. 

‘ 25.00 

GE #7776221-G8, 450-470 MHz. 


$ 


25.00 


6 Meters 

General Electric 
330 watt power amplifier only, 
type EF4A, 42-50 MHz. 


$ 


75.00 



GREGORY ELECTRONICS CORP. 

239 Rl. 46. Saddle Brook, N. J. 07662 
Phone: (201) 489-9000 


More Details? CHECK-OFF Page 110 
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a second look 
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Solid-state imaging devices which may 
eventually find their way into high- 
quality television cameras are now 
becoming available for lower-resolution 
applications such as slow-scan optical 
character recognition and basic- 
recognition security systems. Some of 
these devices, which consist of large 
arrays of charge-coupled photo sensitive 
semiconductors that are scanned with 
digital circuitry, are so sensitive they can 
detect objects illuminated only by candle¬ 
light. The big problem has been to obtain 
the 525-line video resolution required for 
television cameras. However, Bell Labs 
has built a solid-state vidicon capable of 
full Picturephone resolution (250 by 225 
lines) and Fairchild has a 100-by-100 
element imager that is suitable for many 
industrial applications. 

Actually there are two different types 
of solid-state imaging devices: the charge- 
coupled device or CCD and the charge- 
injected device or CID. Although the 
image signal is developed and stored in 
both devices in much the same way, the 
signal is retrieved differently. In the CCD 


ATV test pattern from W8DMR is generated 
by solid-state charge-coupled image sensor. 



array the image is scanned sequentially 
while in the CID array the image is 
scanned in an x-y fashion. This permits 
the CID array to be scanned at any speed 
or individual points to be scanned 
randomly. Another advantage of the CID 
design is that single-image defects cause 
the loss of only one image point. In a 
CCD array a single-image defect blanks 
out the rest of that line. 

Bill Parker, W8DMR, is believed to be 
the first amateur to use a solid-state 
image sensor to transmit an amateur 
television test pattern. Bill, who has been 
on amateur television since 1949 and is 
still active, uses the 10,000-element Fair- 
child CCD-201 solid-state imager men¬ 
tioned earlier. This sensor is mounted in a 
24-lead dual-in-line package with an 
optical glass window. The 1.2- by 0.8-mil 
(0.03- by 0.02-mm) image-sensing 
elements are located on 1.2-mil 
(0.03-mm) vertical centers and 1.6-mil 
(0.04) horizontal centers. This provides 
an image aspect ratio of 4 by 3. In 
addition to the image-sensing chips the 
CCD-201 includes 100 columns of two- 
phase shift registers interdigitated among 
the photo-sensitive elements, a 102-unit 
two-phase analog output shift register, an 
output preamplifier and a compensation 
amplifier. A photograph of the 
transmitted test pattern is shown to the 
left. When 512-by-320 element arrays 
become commercially available the 
resolution wedges on the test pattern will 
be much more distinct. Who will be the 
first to apply this new technology to 
real-time slow-scan TV? 

Jim Fisk, W1DTY 

editor-in-chief 
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cosmos 1C 

electronic 



Applying 
cosmos technology 
to a versatile, 
compact, 
low-drain 
keyer design 


Since the advent of ICs on the amateur 
radio scene, a number of articles on 
keyers have appeared in the amateur 
magazines. Now that c-mos or cosmos ICs 
have become available to the amateur 
from various sources at modest prices,* 
it's time that these "state of the art" 
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keyer 

building blocks found an application in a 
homebrew project. 

The cosmos keyer described here 
draws only 0.4 mA on standby, with an 
average key-down current drain under 2 
mA at a supply voltage of 10 volts. The 
keyer can work properly with supply 
voltages from 4 to 15 volts. When oper¬ 
ated at 5 volts, the keyer actually con¬ 
sumes less than 100 microamps, less 
power than a set of headphones! Its low 
power requirement makes it ideal for the 
QRP or field day enthusiast. If TTL logic 
was substituted for the cosmos ICs in this 
keyer, the current drain would be in 
excess of 200 mA. 

Some of the more important features 
of an electronic keyer using cosmos ICs is 
low power consumption, simple construc¬ 
tion and modest construction cost (about 
$10.00 for parts). The keyer described in 
this article features self-completing dots, 
dashes and spaces, a built-in transmitter 
keying circuit and sidetone generator 
and small size — the circuit board can be 
mounted inside your favorite rig. 

*Poly Paks, Inc., Box 942, South Lynnfield, 
Massachusetts 01940. 
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The basic clock gating circuit used in 
the keyer is illustrated in fig. 1. The clock 
gate allows only full clock pulses to pass 
through it, regardless of the timing in¬ 
accuracies of the enable signal. No partial 
pulses or "slivers” can be tolerated if a 
keyer is to send perfect code. 

In fig. 1, U1 is a type-D flip-flop. The 
logic level present at the data or D input 
will be transfered to output Q at the next 
positive going edge at th eclock input (pin 
C). Notice that the clock feeds pin 1 of 
U2, pin 1 of U3 and pin C of U1. U2 is 
the output gate and U3 is the reset gate. 

JTJTJTJTJTJTJ~LTL 



RESET 

GATE 


CLOCK ^ JTJ^LnJTJTJXnjTJTJTinJTJTJTJTJTJTlJTJTJT-riinJ - 


Q will go to a 1 at the next positive-going 
clock pulse leading edge. Now that pins 1 
and 2 of U2 are 1, pin 3 goes to zero and 
will go to a 1 when the negative-going 
clock transition occurs. Thus the output 
of U2 is the inverted version of the clock 
pulses. 

When the enable goes to zero, flip-flop 
U1 will be reset by the NOR gate U3 at 
the time when the clock is zero. If the 
NOR gate were not used to reset U1, then 
the next positive-going edge of the clock 
pulse would appear at the pin 1 of U1 
simultaneously with the negative transi¬ 
tion at pin 2 of U2 due 
to the data transfer ac¬ 
tion of flip-flop U1. 
Thus you would have 
logic levels changing si¬ 
multaneously in oppo¬ 
site directions at pins 1 
and 2 of U2. This would 
result in a "sliver pulse" 
at pin 3 of U2 when the 
input signals cross the 
threshold level of U2. 
To prevent this from 
happening, the reset 
gate U3 is used to reset 
the flip-flop when both 
the enable and dock 
inputs are at zero. 


ENABLE 



fig. 1. Basic clock gating circuit for the cosmos keyer. 


When the enable signal is low (zero), 
pin Q of U1 is assumed to be zero if pin C 
is being clocked. As long as pin Q of U1 is 
zero, U2 will not pass the clock pulses. 
Also, as pin D of U1 is zero, the clock 
pulses at pin 1 of U3 will pulse the reset 
pin (pin R) of U1. A 1 on the reset pin 
of a cosmos flip-flop will force Qto zero 
and will override all other input signals. 
The set pin of U1 is grounded for this 
reason. A 1 at the set pin will force Q to a 
1 and will override all other input signals. 

When the enable signal goes to a 1, pin 


final circuit 

The circuit I finally 
settled on for my cos¬ 
mos keyer is shown in 

fig. 2. The keyer gener¬ 

ates dashes and dots at a 
fixed time ratio of 3 to 1. A space has the 
same duration as a dot. The time base of 
the keyer is generated by two NOR gates, 
U2C and U2D, connected in a class-A 

multivibrator configuration. Resistor R3 

causes U2D to self bias into a class-A 
condition, with the output reaching a dc 
level equal to the threshold of the gate 
itself (about 45 percent of the supply 
voltage). Resistors R1 and R2 have the 
same effect on U2C. The time con¬ 
stant (R3-C1) is much greater than (R1 + 
R2)C2 so the frequency of the oscillator 
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OSCILLATOR 


C2 



R1 

T2 

1 megohm linear taper potentiometer 

500 ohm CT to 8 ohm transformer 
(Radio Shack 273-1381) 

U2 

cosmos NOR gate (CD4001 or equiv¬ 
alent 

Ul, U3 

cosmos NAN D gate (CD4011 or equiv¬ 
alent) 

c c 

c 

! 01 

cosmos dual D flip-flop (CD4013 or 
equivalent) 


fig. 2. Complete schematic diagram for the cosmos keyer, The bold lines are the feedback paths for 
the dot and dash generators, which allow them to end their timing in sync with the clock after 
paddle release. The sidetone generator, lower right, is optional. 


is inversely linear with the setting of R1. 
Inverter U3D buffers the oscillator and 
squares up its output. Flip-flop U68 
divides the oscillator frequency by two, 
but more importantly, provides a clock 


source with a perfect 50 percent duty 
cycle. 

Note that the dot and dash generators 
each have their own dock gates, and are 
connected in such a manner that which- 
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Logic circuitry for the cosmos keyer is wired on small section of perforated circuit board. Keying 
transistor and sidetone circuit are to the left. 


ever of the two gates is enabled first 
overrides the other until its timing cycle 
is completed. If the dot gate is enabled 
first, the dash gate will be held in reset via 
diode CR2 until the timing cycle for the 
dot is completed, even if the dash paddle 
was depressed. Also, a complete space 
period would elapse before a dash could 
be sent, and vice versa. Diode CR3 allows 
the dash gate to reset and override the 
dot gate while dashes are being sent. The 
RC networks R4-C3 and R5-C4 provide 
pull-up bias for gates U1A and U1B and 
also eliminate the effect of key contact 
bounce. 

The dash generator consists of a four- 
state binary counter (U5A and U5B) and 
a gate (U3A) to decode the four count 
states into dashes that are three clock 
periods long, separated by spaces one 
clock period long. U3B inverts the output 
of U3A to provide the proper logic levels 
to U3C by cancelling the inverting effect 
of U3A. 

The bold lines are the feedback paths 
for the dot and dash generators. These 
feedback lines allow the dot and dash 


generators to end their timing in synch¬ 
ronization with the clock after their 
respective paddles have been released. 
This is what adds the self-completing 
feature to the keyer. 

The output gate U3C drives the Dar¬ 
lington pair Q1 and Q2. Transistor Q2 is a 
high-voltage device, the Motorola 
2N3440, which has a 250-volt B vc b 
rating. If you plan to use the keyer solely 



Construction of the cosmos keyer. Circuit 
board, keying mechanism and power supply are 
on center chassis. Speed control and switches 
are mounted on front panel, left. 
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for your solid-state QRP rig, then just 
about any 5-watt npn transistor will do 
the job. 

The largest portion of the standby 
current drain can be attributed to the 
oscillator. When the threshold region of a 
cosmos device is entered at a slow rate 
(such as by RC decay), the device draws 
relatively large amounts of current. The 
increase in current during key-down con¬ 
ditions is caused by the conduction of Q1 
in driving Q2. 

important 

When working with cosmos ICs it's 
important to remember to never leave 
unused input pins floating. Always make 
sure that any unused input pin is tied to 
either ground or to V<jd, whichever is 
logically appropriate. For example, the 
set and reset pins of U5 and U6 have been 
tied to ground. If this precaution is not 
observed, these high impedance inputs are 
wide open for electrostatic charge pick 
up. Also, since the input capacitance of a 
cosmos device is typically 4 pF and the 
gate impedance is on the order of 10 1 2 
ohms, the result is a parasitic RC network 
with a time constant of 4 seconds. Any 
electrostatic charge can be stored for 
several seconds, injecting a false logic 
level into the cosmos device. That could 
raise havoc with your logic. 

If you follow the schematic faithfully, 
all of the cosmos gates and flip-flops will 
be used up in fabrication of the keyer. 



Main chassis layout. Cosmos circuitry is in- 
staiied on perforated board, rear; power suppiy 
is in foreground. 


with no surplus devices to cause prob¬ 
lems. Check and doubledheck your 
wiring! 

It's also advisable to provide over¬ 
voltage protection and regulation if 
operation from an unstable supply is 
anticipated. Do not exceed 15 volts, or 



fig. 3. Suggested power suppiy for cosmos 
keyer, with inputs for either 117 Vac or low 
voltage dc. Transformer T1 is a small 6.3 Vac 
filament transformer. 

the cosmos ICs will zener and draw 
excessive current which may destroy 
them. I recommend a maximum supply 
voltage of 12 volts. This should give you 
plenty of margin for error. Also, be sure 
to provide a means of protection from 
accidental polarity reversal of the power 
supply. Diode CR5 in my supply, fig. 3, 
provides this protection. 

When soldering cosmos ICs into a 
circuit, use an iron with a grounded tip. 
Finally, make sure that your paddle key 
is clean. Any leakage path to circuit 
ground that is less than one megohm will 
falsely trigger the input gates. 

The sidetone generator is optional, but 
can be included if your present rig 
doesn't have one. The sidetone adds 
about 3 mA to the key-down current 
drain. 

reference 

1. COSMOS Digital Integrated Cricuits, RCA 
Data Book Series, SSD-203A, RCA Semicon¬ 
ductor, 1973. 

ham radio 
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some 
design ideas 
for specialized 

communications receivers 


If you have ever 
considered building 
your own 
communications receiver, 
here is a collection 
of design ideas 
you may want to use 
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When I read the editorial in the June 
1972, issue of ham radio I felt like thi 
boy who, after Shoeless Joe Jacksot 
confessed his involvement in the 1915 
Black Sox scandal, said, "Say it ain't so 
Joe." In that editorial Jim Fisk declared 
"... we at ham radio note that the da^ 
of the amateur-built receiver may havi 
passed in favor of the vastly superior anc 
less expensive commercial version." 

Say it ain't so, Jim. Yet, in one sense, a 
least, the statement is true. The individua 
amateur can no more hope to beat th< 
professional receiver designer at his owr 
game than he can hope to build a bettei 
and cheaper family sedan in his back 
yard. 

The catch is that the professiona 
receiver designer's "game" is not to de 
sign the ultimate performance set but tc 
design a mass-market, multiband, multi 
mode, decorator-styled receiver that car 
sell at a popular price. Many of thi 
homebuilt receivers appearing in the harr 
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magazines are imitations of these com¬ 
mercial designs and, while their builders 
have the statisfaction of gaining valuable 
experience and operating homebrew 
equipment, the result is likely to be an 
inferior receiver at a higher cost. 

Just as there are cars which will 
outperform the best that Detroit offers, 
so there are receivers which will outper¬ 
form any amateur receiver on the market. 
Free the designer from the price restric¬ 
tion and you get cars like the Jaguar and 
Rolls-Royce and receivers like the National 
HRO-600 and the Collins 651-SI. If the 
product can bypass the mass-market cri¬ 
teria, if it can be designed for a specific, 
limited purpose, then, as W8YFB has 
said, 1 any one of 100,000 teenagers can 
build a performance car that will outper¬ 
form Detroit's creations on the drag strip. 
And many an amateur can build a better 
receiver than he can buy. 

Goodman made the point back in 
1951, "... the fellows who build their 
entire receivers from scratch . . . don't do 
this because they can't afford a com¬ 
mercial job — often they .. . could afford 
several such receivers — they do it be¬ 
cause they know exactly what they want 
and this is the only way to get it." 2 

Let's look at some of the restrictions 
imposed on the professional designer of 
amateur communications receivers. First, 
the company's management and market¬ 
ing people place a selling price of, for 
instance, $400 on the receiver. Unfor¬ 
tunately, advertising, sales costs, shipping, 
warranty costs, taxes, engineering, over¬ 
head and manufacturer and distributor 
profits eat up $250 of the selling price. 
This leaves less than $100 for the cabinet 
and all the parts which go into it. Finally, 
only $50 is left for all direct labor on the 
receiver, assembly, alignment, testing and 
troubleshooting. 

The receiver must cover all modes and 
the six bands from 160 thru 10 meters 
with single knob bandswitching. It must 
fit a low-profile, decorator-styled cabinet 
that matches the other equipment in the 


company's line. All components must be 
readily available in quantity and per¬ 
formance must be competitive with other 
receivers in the same price class. 

The homebuilder, on the other hand, 
can design his receiver for specific objec¬ 
tives. He can design a "performance" or 
"competition" receiver for a particular 
band and activity. How about an all-out 
receiver for 160-meter CW DX or 20- 
meter ssb DX or 20-meter sstv or 40- 
meter RTTY or for 20-meter operation in 
downtown Los Angeles? Net operators 
could have a switch-tuned, maximum 
convenience job. The traveling man can 
design an outstanding, ultraportable re¬ 
ceiver. 

The limited versatility of such re¬ 
ceivers is justified because the amateur 
may spend 80% or more of his spare time 
enjoying his particular operating special¬ 
ty. His chrome-plated commercial job 
then becomes a second receiver for the 
occasional excursions to other bands and 
modes. Sometimes the homebuilt "per¬ 
formance" receiver makes an excellent 
tunable i-f for other bands. 

When designing your receiver at home 
you need consider only your own in¬ 
terests and radio environment. You can 
use one-of-a-kind, high quality surplus 
parts that commercial people can't af¬ 
ford. You can add extra parts and extra 
stages — if a commercial designer elim¬ 
inates a $5 stage he saves his company 
$50,000 over a 10,000 unit production 
run, and employers look with favor on 
people who put $50,000 back into the 
company's pockets. Furthermore, you 
can use circuits that require considerable 
diddling and alignment, and you can use 
the latest components and techniques 
without worrying about obsoleting a large 
inventory of parts. 

One of the delights of home building is 
that you can over-design. Instead of using 
the flimsiest possible chassis material you 
can start out with a 1/8-inch aluminum 
plate. You automatically insert parasitic 
suppressors in all amplifier and oscillator 
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input and output elements. Where the 
professional runs endless tests to elimi¬ 
nate a capacitor here, a resistor there or a 
shield somewhere else, the home-builder 
can double decouple every stage and put 
in extensive shielding. Where the profes- 


broadcast band in the presence of inter¬ 
ference from the many domestic broad¬ 
casters. Secondarily, it is an excellent 
tunable i-f for shortwave broadcast and 
amateur ssb reception. While few ama¬ 
teurs are interested in broadcast-band 
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sional must run two i-f stages on the verge 
of oscillation, you can run three that loaf 
quietly along. Space, band-switching and 
ganging considerations need not limit the 
number and Q of the tuned circuits used 
in the front-end. 

The receiver shown in this article, the 
DBR-1, illustrates many of the advantages 
the homebuilder enjoys. Its primary pur¬ 
pose is to provide superior reception of 
foreign a-m stations on the standard 


DX, this receiver includes many tech¬ 
niques and ideas that are applicable to 
homebuilt receivers in general. 

homebrew receiver 

Vacuum tubes predominate in the 
DBR-1 because it was started back in 
1967 when tubes had performance ad¬ 
vantages in many circuits. Referring to 
fig. 1, the first circuit is a series-tuned i-f 
trap to eliminate feedback problems en- 
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countered at high i-f gain levels with no rf 
stage. 3 Next is an additional preselector 
circuit which can be switched in to 
eliminate images when using a long-wire 
antenna. A tuned loop antenna is normal¬ 
ly used with the receiver and then images 
are not a problem. 

The first tube, VI, is a 7360 mixer. 
The vfo and buffer amplifier is a 6U8A. A 
varactor diode, CR1, provides vernier 
tuning of the oscillator to facilitate pre¬ 
cise positioning of the carrier for exalted- 
carrier a-m reception. Bias for the 7360 
mixer is adjustable from the front panel 
for experimental purposes. 

A 455-kHz i-f is used to take advan¬ 
tage of the sharp and inexpensive Kokusai 
mechanical filters. In accordance with 
good strong-signal practice, the first filter 
is placed as close to the antenna as 
possible, at the output of the mixer. 4 A 
second mechanical filter, between the 
second and third i-f stages, combines with 
the first to give a stop band over 120-dB 
down and a shape factor approaching 1:1. 
Three i-f stages (V3, V4 and V5) are 
necessary to provide sufficient gain to 
make up for filter losses and the lack of 
an rf amplifier. 

Transistor Q1 is an infinite impedance 
detector; Q2 is a Q-multiplier to provide 
the peak in the i-f passband which exalts 
the a-m carrier. A switch changes the 
peak from one side of the passband to the 
other for receiving either USB or LSB. 
The feedback control adjusts the height 
of the peak and thus the amount of 
carrier exaltation. Diodes CR3 and CR4 
are a full-wave audio limiter. 

The gain of the receiver is kept as low 
as possible through the detector, and 
three stages of audio (V6, V7 and V8) are 
required to bring the overall gain up to an 
acceptable level. A small coupling capaci¬ 
tor to the output stage can be switched in 
to provide low frequency roll-off. A 
high-impedance output for a tape re¬ 
corder and a low-impedance output for 
stereo phones or a speaker are also 
provided. 

An OB2 voltage regulator, V9, 
regulates the oscillator plate voltage and 


Q-multiplier drain voltage. A zener diode, 
CR2, also works from the +105-volt 
regulated line to provide additional regu¬ 
lation for the varactor tuning diode. The 
power supply is in a separate cabinet. It 
uses five silicon rectifiers and supplies 6.3 
Vac for the heaters, a 250-volt B+ supply 
controlled by an auto-transformer and a 
0-150-volt bias supply. 

mechanical details 

Here is where most receivers are in¬ 
adequate. They are flimsy, using the 
lightest possible material for the chassis 
and cabinet. The DBR-1 has a 1/8-inch 
aluminum panel bolted to a 1/8-inch 
chassis plate which is then bolted into a 
rugged, welded steel cabinet from an old 
Meissner Signal Shifter. When completely 
buttoned-up the whole thing is almost a 
solid cube. I use relay rack panels for the 
1/8-inch material and work it with a 
hacksaw, electric drill, file and ordinary 
chassis punches. 

Another mechanical weakness in many 
commercial and homebuilt receivers is the 
tuning mechanism. The homebuilder can 
use one of the rugged military surplus 
mechanisms or pick up an old National 
PW dial and drive as I did for the DBR-1, 
A tuning mechanism with a solid, smooth 
feel gives the impression of quality much 
as the "thunk" of a well-fitted door does 
to an automobile. 

The plug-in coil assemblies are from an 
old National HRO receiver. They are 
excellent for experimenting with dif¬ 
ferent coils. You can try the effect of 
different coil form materials on oscillator 
drift, for instance, or determine the effect 
of different antenna couplings on front- 
end selectivity. The coil drawers were 
sawed and chiseled from an old HRO 
chassis. 

mixer circuit 

The ideal mixer should be able to 
simultaneously handle the strongest and 
weakest signal you will encounter while 
contributing little noise itself and pro¬ 
viding sufficient conversion gain to re¬ 
duce the noise of the i-f strip to insignifi- 
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cance. Not many mixers meet these re¬ 
quirements. The 7360 does to a greater 
degree than most and is used in the 
DBR-1. 

The overall noise factor of the mixer 
plus i-f strip is 

F = F1+£ %T J " (1) 

where F is the overall noise factor of the 
complete receiver, FI is the noise factor 
of the mixer, F2 is the noise factor of the 
i-f strip and G1 is the power gain of the 
mixer. 

Assume the 7360 mixer with its pre¬ 
selector circuits has an 8-dB NF (6.3X) 
and the i-f strip has a 13-dB NF (20X), 
including the 6-dB insertion loss of the 
input filter, and the mixer power gain is 
10 dB (10X). 

F = 6.3 + j - ^ 1 = 8.2X or 9.2 dB 

Suppose you contemplated using a 
diode balanced mixer instead of the 7360 
into the same i-f strip. Suppose also that 
the diode mixer has the same 8-dB NF as 
the 7360 but it has no gain (G = 1). 
Therefore, 

F = 6.3 + 21 ~ - = 25.3X or 13.9 dB 

A screwdriver adjustable pot on the 
front panel is for experimenting with the 
effect of bias on the sensitivity and 
overload characteristics of the 7360. In 
my location two 50-kW locals, WBZ on 
1030 kHz and WHDH on 850 kHz, 
produce a strong third-order IM product 
on 1210 kHz which is convenient for 
evaluating the linearity of the mixer. At 
one bias point, which is quite sharp and 
may vary from one 7360 to another, the 
IM product nulls out. On the tubes with 
which I have experimented the point of 
maximum immunity to IM is also very 
close to the point for maximum sensi¬ 
tivity. 

vfo circuit 

The vfo and buffer amplifier use two 
sections of a 6U8A. A 20-pF varactor 


diode connected across the oscillator tank 
circuit provides a vernier tuning control 
to precisely set the carrier. The control 
voltage comes from the regulated 
+105-volt line and is further regulated 
with a 12-volt zener diode. 



Top view of the DBR-1 shows the 1/8” chassis 
plate which is bolted to the front panel and the 
rear apron. The i-f strip runs along the back 
with filter FL2 in the open shield can in the 
center. From left to right below the coil drawer 
are VB, VI, V2, V7, V6 and Q1. Below the 
output transformer are the voltage regulator, 
V9, and CR3 and CR4. 

The National tuning capacitors which 
are an integral part of the PW gear drive 
have straight-line frequency character¬ 
istics. When the DBR-1 is used as a 
tunable i-f with the 3.5- to 4.0-MH2 coils, 
the calibration is 1kHz per division of 
the PW dial. The 0.9- to 2.0-MHz coils 
give 2 kHz per division across most of the 
dial. 

i-f strip and filters 

The i-f strip provides the required 
adjacent channel selectivity with enough 
gain to drive the detector on the weakest 
signal and should have a low enough noise 
figure to prevent degrading the NF of the 
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mixer. The noise factor (ratio) of a 
properly designed i-f strip is 

F,. f = FI + F2 (2) 

where F M is the overall noise factor of 
the i-f strip, FI is the insertion loss of the 
input filter and F2 is the noise factor of 
the first i-f tube. 

Cascading mechanical or crystal lattice 
filters allows you to achieve near perfect 
shape factors and stop bands down more 
than 120 dB. The National Radio Club 
has done considerable work on the cas¬ 
cading of mechanical filters 5 and the club 
periodically purchases batches of Kokusai 
filters which it matches and sells to 
members in sets of two or three. Each 
Kokusai filter comes with a complete set 
of characteristics and the current units 
are extremely good. 

Kokusai filters are used in the DBR-1. 
Filter FL1 has a center frequency of 
454.98 kHz, a bandwidth of 2.58 kHz at 
the 6-dB points and a -60 dB bandwidth 
of 4.50 kHz, resulting in a 6/60-dB shape 
factor of 1.74:1. Filter FL2, at the same 
points, is 455.00 kHz, 2.48 kHz, 4.26 
kHz and 1.72:1. 

The combined characteristics of the 
two filters in the DBR-1, checked both 
by the point-by-point method and by the 
sweep method to be described later, are 
2.1 kHz at -6 dB, 2.45 kHz at -10 dB 
and 2.8 kHz at -60 dB, resulting in a 
6/60 dB-shape factor of 1.33:1 and a 
10/60 dB shape factor of 1.14:1. The 
10/60-dB shape factor is given because it 
seems to describe more accurately the 
useful nose bandwidth and gives a better 
idea of the steepness of the skirts than 
does the-usual 6/60-dB figure. 

For several reasons it is best to dis¬ 
tribute the filters in the i-f strip rather 
than connecting them back-to-back. 6 - 7 
One of the filters should be at the input 
to the i-f strip to satisfy the requirement 
of putting the adjacent channel selectivity 
as close to the antenna as possible. 
Additional filters should be placed one or 
two stages further along. 

If all the filters were placed at the 
input to the i-f strip the following ampli¬ 


fiers could generate considerable wide¬ 
band noise outside the bandpass of the 
filters. Also, two or more cascaded filters 
are capable of stop bands more than 120 
dB down and if they are lumped together 
it requires a lot of isolation between the 



Bottom view of the DBR-1 receiver. Filter FL1 
is in right center. Note the shielding around 
each i-f stage at the bottom. Rf chokes at 
bottom left filter the incoming B+ and bias 
voltages. 

input and output. If they are separated 
the isolation requirements can be reduced 
to 60 dB at a step. Another consideration 
is that two or three filters at the input to 
the i-f strip could degrade the NF of the 
strip enough to degrade the NF of the 
entire receiver. 

A good bet for a filter for a high 
frequency i-f is the Swan SS-16. This 
16-pole crystal-lattice filter is centered on 
5.5 MHz. The 6-dB bandwidth is 2.7 kHz 
and it has a 6/60-dB shape factor of 
1:28:1 and a 6/120-dB shape factor of 
1/8:1. The stop band is 140-dB down. 

Stop bands of -120 and -140 dB 
sound great and they are not too difficult 
to achieve. In practice, however, anything 
over 100 or 120 dB is of little practical 
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use because there are mighty few front- 
ends which will simultaneously handle 
two signals 120-dB apart (in strength). 
For instance, 140 dB above 1 pV is 10 
volts and most receivers will block com¬ 
pletely long before the signal gets up to 
10 volts. Thus, the fact that the filter 
could separate the 1-juV signal from the 
10-volt signal is only of academic interest 
because it will never get the chance. 

The filters must be complemented by 
a meticulous job of shielding, isolating, 
bypassing and filtering to prevent de¬ 
gradation of the filter characteristics. In 
the DBR-1 each stage is individually 
shielded and double decoupled and the 


Fortunately for home-builders there is 
a $130 piece of equipment that, with a 
simple variable frequency signal source, 
will do almost the same job. This is the 
Heath SB-620 Spectrum Analyzer. My 
experience is limited to the SB-620 con¬ 
nected for a 455-kHz i-f, but it should 
give similar results at higher frequencies. 

Connect the end of the i-f strip to the 
i-f input jack on the rear apron of the 
SB-620 through a 5-pF, or less, capacitor. 
Place the function switch on the rear 
apron in the ham scan position. Set the 
variable sweep rate and the variable sweep 
width controls at the maximum counter¬ 
clockwise positions and the sweep width 


table 1. Comparison between some of the performance characteristics of a typical amateur-band 
receiver and the better military and professional class receivers. 

i-f front-end 



i-f 

image 



stop 

dynamic 

frequency 


feed thru 

ratio 

stability 

IM 

band 

range 

read-out 

commercial 
amateur receiver 

50 dB 

60 dB 

100 Hz 
per hour 

60 dB 

60 dB 

60 dB 

1 kHz 

best professional & 
military receivers 

100 dB 

100 dB 

1 Hz 

per month 

100 dB 

100 dB 

130 dB 

1 Hz 


heater leads are bypassed. A copper shield 
is soldered between the grid and plate 
pins of each i-f tube socket. These mea¬ 
surer insure a quiet and electrically stable 
i-f strip that takes full advantage of the 
filter characteristics. 

checking the i-f passband 

The most accurate and simple method 
of evaluating an i-f strip is to plot its 
passband and skirts point-by-point with a 
signal generator, counter and attenuator. 
This is fine for getting a picture of the 
final results, but it isn't something you 
want to repeat continuously during the 
alignment process. 

The requirements for sweeping a steep¬ 
sided, narrow passband are much more 
stringent than those for sweeping a tv i-f 
strip. You must sweep at a very slow rate, 
1 Hz or less, to show the steep sides and 
sharp corners. Commercial firms use 
special sets of equipment made by people 
like Rhode & Schwartz that sell for 
$10,000 or more. 


switch in the 50-kHz position. At these 
settings the sweep rate is about 2 Hz and 
the horizontal calibration of the screen is 
about 0.7 kHz per division. 

Connect a variable frequency signal 
source to the input of the i-f strip and 
manually sweep it slowly (say 5 seconds 
per sweep) back and forth across the 
passband. The peak of the pip will trace 
out the passband of the i-f passband on 
the face of the CRT (see fig. 2). 

Another method which is useful for 
examining the skirts of the passband is to 
feed the output of a noise generator into 
the i-f strip with the SB-620 connected 
and adjusted as before except that the 
sweep width switch should be in the 
10-kHz position. The result is a trace of 
the passband as shown in fig. 3. The top 
of the trace is jagged due to the random 
amplitude of the noise pulses but you get 
a good picture of the skirts which can be 
extended down to -60 dB by using the 
-20 dB tog position of the amplitude 
scale switch. 
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Optimum reception of weak a-m sig¬ 
nals in the presence of noise, QRN and 
QRM demands the exalted-carrier tech¬ 
nique. In addition, the exalted carrier 
must be phase locked to the original 
carrier so that the technique of chopping 
off the a-m carrier with the filter in a ssb 
receiver and then using the bfo to replace 
it is ineffective. You must either lock a 
locally generated carrier to the original 
carrier or filter, process and amplify the 
original carrier. 

In the DBR-1 a 15- or 20-dB peak is 
superimposed on one edge of the pass- 
band with a Q-multiplier. 8 The carrier of 
the desired station is placed on the peak, 
exalting it in relation to the sidebands. 
The series resistor between the Q-multi¬ 
plier and the i-f transformer which is 
advocated in the referenced article is not 
used because the resistor restricts the 
height of the peak to only about 10 dB 
which is not sufficient. 

When used for carrier exaltation the 
Q-multiplier is best placed at the very end 
of the i-f strip. Here it is protected from 



fig. 2. I-f passband of DBR-1 as traced on 
SB-620 by slowly sweeping a CW signal across 
the i-f. Note that the sides of the passband are 
defined by the ascending and descending row of 
peaks at each side, not by the skirts of the pips. 
In practice only one pip is seen at a time, first 
climbing up one side, then across the top, and 
finally down the other side. Horizontal calibra¬ 
tion is about 0.7 kHz per division, vertical in 
dB. 


off-frequency stations by the filters and it 
"sees" all inband signals at about the 
same strength since the gain of the 
receiver is largely controlled by the i-f 
stages. The Q-multiplier is double de¬ 
coupled and completely shielded and has 



fig. 3. I-f passband of DBR-1 as displayed on 
SB-620 with white noise fed into I-f strip input. 
This gives good picture of the skirts which can 
be extended down to -60 dB with the built-in 
20 dB attenuator. Horizontal calibration is 
about 0.5 kHz per division. 


parasitic supression resistors in both the 
gate and drain leads. Voltage is taken 
through a divider from the +105 volt line. 
The result is a remarkably stable Q-multi¬ 
plier which can be set on the verge of 
oscillation, if desired, and remain there 
indefinitely. 

The Q-multiplier is fix tuned to either 
the upper or lower edge of the passband 
and can be switched from one to the 
other for sideband selection. A small 
trimmer is mounted on the front panel 
for those occasions when the receiver is 
used as a tunable i-f. The Q-multiplier is 
then made to oscillate to serve as a bfo 
for ssb reception and the trimmer is used 
to position the carrier down the side of 
the passband. 

audio amplification 

This section of the receiver is often 
taken for granted, yet proper attention to 
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detail here can make a significant im¬ 
provement in the readability of signals. It 
has been shown that if the high speech 
frequencies are cut it is necessary to also 
cut some of the lows to maintain opti¬ 
mum readability. 9 - 10 In a properly de¬ 
signed ssb transmitter the lows are cut in 
the audio and filter stages. A-m broad¬ 
casts, on the other hand, carry the full 
audio range out to at least 5000 Hz. If 
you cut the highs at 2500 Hz and leave 
the lows, the speech will sound boomy 
and muffled. Roll off the lows below 300 
or 400 Hz and the speech becomes crisp 
and readable. 

Various exotic audio filters were tried 
in the DBR-1 with expensive high-Q 
inductors but the simple trick of using a 
small coupling capacitor to the audio 
output stage worked as well as any in 
practice. The switch marked audio fitter 
shorts out the capacitor if the full re¬ 
sponse of the amplifier is desired. 

The audio noise limiter shown in the 
diagram is a solid-state copy of the limiter 
used in the Collins R390. Like all other 
audio limiters and clippers tried in the 
DBR-1 it is ineffective because of the 
filters and Q-multiplier ahead of it. Ex¬ 
periments with i-f limiting just before the 
second filter have been much more favor¬ 
able. The idea is to limit all signal and 
interference components in the passband 
to the level of the desired sidebands up to 
the point of carrier exaltation. 

conclusion 

The DBR-1 is a tailor-made receiver 
for my interests and location. It is superi¬ 
or to any receiver available commercially 
for the purpose for which it was designed 
and in the environment in which it is 
used. It is superior only because the 
market for such a receiver is so limited 
that no manufacturer could afford to 
design and build a receiver for that 
purpose. The future of homebuilt receiv¬ 
ers is in this area of "performance" or 
"competition" — receivers which are de¬ 
signed for ultimate operating characteris¬ 
tics for a specific, limited task. 
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integrated-circuit 

function 

Construction of a 
variable function generator 
that provides sine, 
square and triangular 
waveforms over the 
frequency range from 
1 Hz to 100 kHz 


I recently had need for a second audio 
generator when I became involved with 
some circuits requiring two different and 
simultaneous audio frequency inputs. 
After considering the alternatives, I de¬ 
cided this would be as good a time as any 
to put to use a new waveform generator 

22 EB june 1974 


generator 


i 

r* 

I 


(0 

35 

’l 

JO 

LL 


CO 

00 

2 

o 

a 

o 

D 

O 

OD 

ID 

X 

o 

00 

o 

X 

a 

C 

2 

5> 

<2> 

> 

W 

a 


1C that I purchased some time ago. I 
expected that the 1C would minimize the 
time required to go from drawing to 
finished generator. This proved to be the 
case. I highly recommend the function 
generator described here to anyone who 
needs a compact audio signal generator. 

general description 

The heart of this instrument is a 
waveform generator 1C manufactured by 
Intersil Inc. and known as the 8038/ The 
1C will produce sine, square and triangle 
waveforms over the frequency range from 
0.001 Hz to 1.0 MHz. Frequency may be 
continuously varied with a pot, program¬ 
med with fixed resistors or swept with a 
voltage ramp. The function generator 
described here covers the range from 1.0 

•The version of the 8038 1C used here is the 
8038CC which is an economy copy selling for 
under $4.00 in singles. Since Intersil products 
are not widely distributed through outlets 
available to most amateurs, drop me a line and 
let me know if you wish to purchase one or 
more of these ICs. If the demand is sufficient I 
will order enough to take care of requests. An 
sase would be appreciated. 












Hz to TOO kHz in 5 decade bands. A pot 
is used as the vernier element and a 
5-position switch as the band selector. 

Since the outputs from the 8038 1C 
are not all of uniform amplitude nor at 
useful power levels, an amplifier was 
added to each output along with trim¬ 
mers for adjusting the output to a stan¬ 
dard level. The amplifiers each consist of 
an op-amp and booster which is capable 
of driving low-impedance loads. 

One final feature which was included 
is adjustable offset for each of the out¬ 
puts. This function may or may not be 
useful to you, but I find it helpful on 
occasion and decided to 


2 and permitting the cycle to repeat. The 
current level supplied by the two current 
sources is controlled by either a series 
resistor to the power supp/y or an ex¬ 
ternal bias voltage. 

The bias voltage controls both sources 
simultaneously and is normally used for 
fm or swept operation of the oscillator. 
Since the power supply connections for 
the current sources terminate at separate 
pins, current levels may be controlled 
independently with separate resistors. 
This latter method is used when unsym- 
metrical waveforms such as a pulse or 
sawtooth is desired. 


include it since it only 
required the addition of 
3 pots and 3 resistors. 

8038 1C 

This 1C contains 
quite a bit of circuitry 
with over 50 transis¬ 
tors, some diodes and 
dozens of resistors 
squeezed onto the chip 
to accomplish the 
desired functions. Fig. 
1 is a block diagram of 
the 1C showing the 
relationships between 

fig. 1. Block diagram of the 
8038 waveform generator. 



the major sections of the waveform genera¬ 
tor. 

Initially, current source 2 is discon¬ 
nected and an external timing capacitor, 
C, is charged through current source 1. 
When the voltage across C reaches the 
trigger threshold of comparator 1, an 
output is generated which causes the 
flip-flop to change state and current 
source 2 becomes active. 

As the capacitor discharges towards a 
negative peak, it reaches the firing thres¬ 
hold of comparator 2 whose output resets 
the flip-flop, disconnecting current source 


By varying the ratio or charge to 
discharge time of the timing capacitor, 
the square-wave duty cycle may be varied 
from 2% to 98% and the triangular wave 
adjusted for either a positive or negative 
sawtooth or ramp. 

The waveform appearing across the 
capacitor is internally fed to a buffer 
amplifier and then to both the sine 
converter and the output (pin 3). With a 
triangle input to the sine converter, total 
harmonic distortion of the resulting sine 
wave is typically less than 1%. With 
proper adjustment distortion levels as low 
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fig. 2. Three possible methods for connecting external timing resistors. 


as 0.5% are possible, according to the 
data sheet. 

The square wave is taken from one 
side of the flip-flop and is fed to a buffer 
amplifier having an uncommitted col¬ 
lector. Supply voltage for this stage is 
thus independent of the rest of the 
circuitry and allows use of a separate 
5-volt supply for TTL compatibility, if 
desired. 

The 1C will operate from either a 
single supply of from 10 to 30 volts or 
dual supplies of ±5 to ±15 volts. With 
dual supplies all outputs will be sym¬ 
metrical about ground. 

external connections 

Fig. 2 shows three possible connec¬ 
tions for the external timing resistors at 
pins 4 and 5. Potentiometer R A controls 
the rising portion of the sine and triangle 
and the zero state of the square wave. 
The method used in fig. 2A is most 
desirable for large changes in duty cycle 
while that shown in 2B is used mainly to 
control frequency with minor changes in 
duty cycle. A 50% duty cycle results 
when R a = R B and if no adjustment is 
contemplated, the connection shown in 
fig. 2C may be used. Resistance values for 
R a and R b may vary from a minimum of 
500 ohms to a maximum of 1.0 megohm. 

Both frequency modulation and 
sweeping may be applied to the waveform 
generator. Fig. 3 illustrates how this is 
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accomplished. For small deviations the 
modulating signal is applied to pin 8 
through a coupling capacitor. Pin 7 is an 
internally-set bias voltage which is nor¬ 
mally applied to the current sources by a 
direct connection between pins 7 and 8. 

The input impedance at pin 8 is 
around 8000 ohms and may be raised by 
inserting a resistor between the two pins 
as shown. For large deviations, or sweep- 



GND 

o 

fig. 3. Connections for fm (A) and sweep 
operation (B) of the 8038 1C. 






H3V 



fig. 4. Circuit diagram for the function generator, 
the PC board. All resistors are V* watt, 5%. 

ing the oscillator, pin 7 is disconnected 
and the sweep voltage is applied between 
the positive supply and pin 8 as in fig. 3B. 
The sweep voltage must be confined 
within the limits V cc and 2/3 V cc . 


Numbered leads correspond to holes provided in 


It may be noted that in most of the 
diagrams discussed so far, an 81k resistor 
is shown connected from pin 12 to the 
negative supply. Pin 12 is a sine wave 
adjustment point and 81k is an approxi- 
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mate value for minimizing distortion. If a 
100k pot is substituted for this resistor, a 
more accurate adjustment is possible. 
Additional improvement in correcting 
sine wave distortion is possible by apply¬ 
ing correction at both pin 1 and pin 12 as 
illustrated in fig. 3B. 


in the output afford some protection but 
it is not recommended that the output be 
short-circuited on a regular basis. 

Neither fm nor sweeping operation 
were incorporated in this instrument 
since I had no need for these functions. 
My other audio generator has wide range 



fig. 6. Component layout for the function generator board. Numbered holes correspond to numbers 
on the schematic for external connections. All diodes are 1N914 or equivalent. Printed-circuit is 
shown in fig. 8. 


function generator 

The circuit for the function generator 
is shown in fig. 4. To achieve the desired 
bandwidth of 100 kHz, a high perform¬ 
ance op-amp was required for the three 
output stages. The Signetics NE531T was 
chosen since it is available from several 
sources at a reasonable price. This ampli¬ 
fier requires only a single external capaci¬ 
tor for compensation and has a full-power 
bandwidth well beyond 100 kHz. It also 
shows no tendency towards instability. 

The current boosters are a pair of 
complementary transistors with diode/re¬ 
sistor networks in the input to prevent 
crossover distortion. The 10-ohm resistors 


sweep capability as well as CW operation 
so the function generator was kept to CW 
only. Of course, there is no reason why 
these functions could not be included if 
required and the preceding discussion 
should be helpful towards that end. 

Power supplies need not be regulated 
since frequency is not dependent on 
voltage as far as the 1C is concerned. If 
external bias is applied to pin 8 for either 
sweeping or setting frequency, however, 
stability will be affected by any fluctua¬ 
tions in this control voltage. It should be 
regulated. 

Frequency drift of the vco with tem¬ 
perature is 50 ppm/°C typical. This is 
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quite good and applies over the range 
from 0°C to 70°C. In order to maintain 
low dissipation and allow little heating of 
the 8038, the 1C is run at the relatively 
low voltage of ±6 volts. The remaining 
circuitry operates at the full ±15 volts. 

The circuit for the power supply is 


The five timing capacitors and five cali¬ 
brating resistors are mounted right on the 
rotary switch assembly. The resistors are 
not installed until calibration has been 
completed, at which time the proper 
values will have been determined. The 
printed-circuit board is 5.6-inches (14.2 



fis- 7* Full-size component layout for the power supply. Printed circuit is shown in fig. 8. 


shown in fig. 5. A PC-type power trans¬ 
former was used since it was available, 
but a suitable substitute could be mount¬ 
ed in the same space if not too large. The 
power supply circuit board layout and 
parts placement are shown in fig. 7. 

construction 

All leads from the front panel of the 
instrument are routed directly to holes 
provided on the printed-circuit board. 


cm) long by 3.5-inches (8.9 cm) wide. A 
full-size layout is shown in fig. 6. 

calibration and adjustment 

When you are ready to fire up the 
function generator, preset all the trim¬ 
mers on the PC assembly to mid-position 
and temporarily connect a Ik pot in 
series with the arm of SI A and lead no. 3 
from the PC board. Set the pot for 
maximum resistance and turn the band 
switch to position 3 
(100 to 1000 Hz). Turn 
the frequency control 
pot to the high end and 
the offset controls, if 
used, to mid-position 
(zero offset). 

The triangle will be 
checked first since it 
will most clearly indi¬ 
cate proper symmetry. 
Connect your scope to 
the triangle output and 
apply power to the 
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fig. 8. Full size printed-circuit layouts for the function generator (above) and power supply (below). 


generator. With the amplitude control at 
maximum, adjust trimmer R4 for a 10- 
volt peak-to-peak output. Adjust R6 for 
proper symmetry and then the temporary 
Ik pot for a frequency of 1.0 kHz. If a 
slight overlap is desired, adjust for a 
slightly higher frequency. Oscillator fre¬ 
quency with the vernier control at mini¬ 
mum should be 100 Hz or less. 

The sine wave should be adjusted next, 
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so transfer the scope probe to the sine 
wave output. With the amplitude at maxi¬ 
mum, adjust R3 for a 10-volt peak-to- 
peak output. Adjust trimmer R5 for 
minimum distortion of the sine wave. 

Next look at the square wave output. 
Both R2 and R1 must be adjusted for the 
desired 10-volt peak-to-peak output sig¬ 
nal. Trimmer R2 will cancel out the 
offset voltage present at the square wave 







output and R1 will control the ampli¬ 
tude. There is interaction between these 
two controls, but juggling back and forth 
a few times will accomplish the desired 
results. 

Measure the resistance of the tem¬ 
porary pot and make a note of the 
required value for this band. Go to each 
of the remaining bands in turn and 




American Made Quality at import Puce 


Full 12 Channel, 15 Watts 
with HI/LO power switch 



The completed function generator and power 
supply circuit boards. 


determine a value of resistance to cali- 
brate each one. Remove the Ik pot and 
install fixed calibrating resistors at the 
proper points on the bandswitch. 

The 1.5- and 15-pF timing capacitors 
for the two lowest frequency bands 
should preferably be tantalum types. The 
remaining capacitors may be mylar or 
polystyrene. If any band gives calibration 
trouble, it may be due to a capacitor with 
a wide variation from the marked capaci¬ 
tance value and a replacement may be 
necessary. The trimmer resistors are the 
blue plastic vertical PC mounting type 
made by CTS and available from many 
distributors or at Radio Shack stores. The 
0.1-pF bypass capacitors are 50-volt discs 
while the 10-pF units are small dipped 
micas. 

ham radio 


Here is everything you need, at a price 
you like, for excellent 2 meter FM 
performance. The 12 transmit channels 
have individual trimmer capacitors 
for optimum workability in point- 
to-point repeater applications. 
Operate on 15 watts (minimum) 
or switch to 1 watt. 0.35 uv sensitivity 
and 3 watts of audio output 
make for pleasant, reliable listening. 
And the compact package is 

s 223 

Amateur Net 



w 


■€^\C4^ELECTRONICS, INC. 


7707 Records Street 
Indianapolis, Indiana 46226 


An FM Model For Every Purpose ... 
Every Purse 



HR-6 HR-220 ACT 10 H/UU 

12 Channel-25 Wall 12 Channels 10 Walls 3 Sand-10 Channel FM 
6 Meter FM Transceiver 220 MH; FM Transceiver Scanner Receiver 
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In recent years many modern designs 
have been presented for high performance 
RTTY demodulators. 1 - 2 < 3 These units 
have used a-m demodulation techniques, 
acknowledged to be superior to fm, and 
incorporate excellent autostart features. 
Unfortunately, many RTTY enthusiasts 
consider these demodulators to be opti¬ 
mum for demodulating signals in noisy 
environments not realizing that, with 
slightly more elaborate signal-processing 
techniques, it is possible to achieve con¬ 
siderably better performance, especially 
when the signal-to-noise ratio (snr) is low. 
One such technique, as yet little explored 
in amateur radio communications, is the 
use of coherent demodulation. 

snr improvement 

It is universally recognized that there 
are severe limits in improving the snr at 
the receiver input — the most common 
method is to increase transmitter power. 
Those amateurs who admire the trend 
toward low power and solid-state trans¬ 
mitters are not at all pleased with this 
approach; it is expensive, limited to one 
kilowatt, and worst of all, does nothing 
to improve reception at your own station. 

With an rf preamplifier using modern 
transistors, the noise figure of virtually 
any amateur communications receiver can 
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be reduced. However, in all but the most 
mediocre receivers electronic noise is in¬ 
significant as compared to atmospheric 
noise and radiation from the sky and 
earth. Also, it would be possible to 
improve RTTY performance by increas¬ 
ing the duration of the mark and space 
pulses because the probability of a re¬ 
ceiver error (mistaking a mark pulse for a 
space pulse or vice versa) decreases with 
increase in pulse energy. Because of the 
standardization of mark and space pulses, 
however, this approach is impossible. This 
leaves signal processing as a technique for 
improving RTTY performance. The use 


ever, fm-based systems exhibit a thres¬ 
hold effect, and below a certain critical 
snr the signal becomes completely lost in 
noise. For this reason a-m systems, which 
at worst exhibit only a minute threshold 
effect, are preferred when difficult noise 
and interference conditions exist (the 
usual conditions on most amateur bands). 

The block diagram of a high- 
performance a-m FSK demodulator is 
shown in fig. 1. The first stage is a filter, 
used to minimize interference, which 
admits both mark and space signals. It is 
followed by separate mark and space 
filters and envelope detectors; these are 



fig. 1. Block diagram of an RTTY demodulator based on a-m techniques. 


of coherent techniques over envelope 
demodulation of the RTTY mark and 
space pulses offers the best practical 
improvement. 

RTTY demodulation 

Frequency shift keying (FSK) or 
radio-teletype (RTTY) is a type of modu¬ 
lation where the transmitted signal al¬ 
ternates between two distinct frequen¬ 
cies. Hence, it may be treated as a digital 
form of fm and demodulated by passing 
the signal through a limiter and dis¬ 
criminator. Alternatively, FSK may be 
considered as two on-off keyed signals 
and can be demodulated with a-m tech¬ 
niques; that is, using no limiter and an 
envelope or product detector. 

Because of their limiter, fm systems 
are capable of practically eliminating 
noise when the input snr is good. How- 


diode detectors followed by simple low- 
pass filters, and their output is the en¬ 
velope of the input pulse (see fig. 2). The 
output of one channel is negative with 
respect to ground, however, and the other 
positive. These outputs are then added 
and presented to the threshold corrector 
and slicer, which together form a sort of 
"decision" apparatus. 

The purpose of the decision stages is 
to decide which type of pulse, mark or 
space, was received. When the snr is good, 
there is little problem. However, if the snr 
is low, there is great uncertainty as to 
whether a mark or space pulse was 
received. One of the larger random fluc¬ 
tuations in the noise could cause a mark 
pulse to be mistaken for a space pulse, or 
vice versa, and the printer would print an 
improper letter. 

In making this decision, you are faced 
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with a problem. Unlike the signal, the 
noise voltage cannot be given a deter¬ 
ministic mathematical representation; 
however, its probability distribution is 
known (the probability that the noise 
voltage will not exceed any given value at 


will have the convolution of the Rice and 
Rayleigh densities as its probability densi¬ 
ty function. 

If no independent fading of the mark 
and space signals occurred, both channels 
were of equal gain, and both signals of 


INPUT 

PULSE 


DETECTOR LOWPASS 

OUTPUT FILTER OUTPUT 
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fig. 2. Operating character¬ 
istics of envelope detectors 
and coherent detectors. 
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a given time). During the interval in 
which you expect to receive a pulse, you 
observe a certain voltage at the output of 
the adder. Knowing the probability dis¬ 
tribution of the adder output voltage 
(which can be calculated, although with 
difficulty), you can determine whether 
the voltage is more probably caused by a 
mark or space, and decide accordingly. 

If the voltage is above a certain value. 


equal amplitude, the proper threshold 
voltage would be zero; that is, choose 
mark if the adder output is negative, and 
choose space if positive. There would be 
no need for the threshold corrector. 
However, the mark and space channels do 
undergo independent fading, so a non¬ 
zero threshold value is computed. The 
usual value of threshold voltage is chosen 
to be halfway between the average value 


table 1. Percent correct copy vs Input signai-to-noise ratio. 

probability of error percent correct copy 



coherent 

non-coherent 

coherent 

non-coherent 

input snr 

FSK 

FSK 

FSK 

FSK 

0 dB 

0.15 

0.30 

32% 

8% 

2 dB 

0.10 

0.25 

48% 

13% 

3 dB 

0.05 

0.15 

70% 

32% 

6 dB 

0.01 

0.10 

93% 

48% 

9 dB 

10‘ 5 

0.01 

99.9% 

93% 


a space was probably sent; if below, a 
mark. This middle value, where the prob¬ 
abilities are equal, is the threshold volt¬ 
age* and is determined by the threshold 
corrector. 

For those readers with a mathematical 
turn of mind, the detector output voltage, 
when a signal is applied, has a Ricean 
probability density. Noise alone has a 
Rayleigh density. At any time, one chan¬ 
nel has signal plus noise, the other has 
noise only, so the output of the adder 

*Not to be confused with threshold effects 
mentioned in connection with fm; these are 
entirely different phenomena. 


of mark channel output voltage and the 
average space channel output voltage: 

.. _ Vmark Vspace 

Mhresh - 2 

Remember, V mark is negative and V space 
is positive. The line above V mark and 
V sP ace indicates an average value of 
voltage. This threshold voltage is at best a 
close approximation of the optimum, 
which is a complicated relation, practical¬ 
ly impossible to implement electronically. 

coherent demodulation 

An FSK demodulator using coherent 
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detection is shown in fig. 3. The post¬ 
detection filters are identical to those 
used in the non coherent demodulator. 


lation is that a signal identical in phase to 
the received signal must be generated. 
This task is best accomplished by a 


Instead of using an envelope detector, the phase-locked loop. A detailed discussion 

received signal is multiplied in a product of phase-locked loop operation is beyond 


detector by a sinusoid of the same fre- the scope of this article (and beyond the 



fig. 3. Block diagram of a coherent a-m RTTY demodulator. 


quency and phase. Thus, the phase in¬ 
formation in the signal, which is ignored 
by the envelope detector, is used in the 
coherent detector to improve the signal- 
to-noise ratio at the detector output. 

The improvement over non-coherent 
FSK varies from 4 dB at low signal-to- 
noise ratios to 2 dB at high (greater than 
6 dB) snr. This means that using coherent 
detection instead of noncoherent detec¬ 
tion results in an improvement equivalent 
to an extra 4 dB of antenna gain or 
transmitter power. In terms of percent 
correct copy there is a noticeable im¬ 
provement (see table 1). It is clear that 
coherent modulation results in readable 
copy in situations where the best non¬ 
coherent FSK systems would print gib¬ 
berish. 

An added advantage, not considered in 
calculating table 1, is that 


scope of most communications theory 
textbooks, for that matter) but a simple 
description may be presented. You may 
consult the references for further in¬ 
formation. 

The phase-locked loop consists of a 
multiplier (product detector), lowpass fil¬ 
ter, and voltage-controlled oscillator (vco) 



Vmark V 


thresh 


space 


fig. 4. Coherent detector using a phase- 
locked loop. 


is precisely the optimum threshold for a 
coherent system. This arises from the fact 
that the probability density for the adder 
output voltage is a Gaussian function 
(bell-shaped curve), unlike that of the 
non-coherent system. 

The disadvantage of coherent demodu- 


(see fig. 5). The vco output and the input 
signal are applied to the product detector; 
its output is a beat frequency or, if the 
vco frequency and signal frequency are 
the same but the phases differ by other 
than 90°, a dc voltage. This voltage is 
applied to the vco which changes frequen- 
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cy by an amount proportional to the 
applied voltage until the signal and vco 
frequencies are the same and their phases 
are close to 90° apart. The result is that 
the vco output follows phase changes of 
the applied signal. The vco output, shift¬ 
ed in phase by 90°, is used for the 



fig. 5. Basic phase-locked loop consists of a vco, 
product detector and lowpass filter. 


heterodyning signal in the coherent de¬ 
tector. 

The coherent detector requires compli¬ 
cated circuitry. However, high quality 
phase-locked loops ICs are available com¬ 
mercially, some with capabilities for a-m 
as well as fm demodulation. Hence, the 
entire detector and phase-locked loop can 
be had with a single integrated circuit. 
One such 1C, available on the surplus 
market for about $3.60, is the Signetics 
NE561. Thus, for a total investment of 
about $7.00 over the cost of a conven¬ 
tional a-m demodulator, you can obtain 
the best possible RTTY demodulation. 

transmitter modifications 

In general, no transmitter modifica¬ 
tions should be necessary. It is possible to 
build a phase-locked loop demodulator 
which will lock onto the mark or space 
pulse well within its 22-millisecond dura¬ 
tion. However, during the time the loop is 
not locked, signal-to-noise ratio at the 
detector output is not optimum. This 
results in lowered performance. 

To minimize locking time, the phase 
of the mark and space pulses should be as 
constant as possible. Therefore, instead of 
one oscillator switched between two 
tuned circuits, the transmitter should use 
two free-running oscillators, one to gen¬ 
erate mark signals, the other for space 


signals. Keying is accomplished by switch¬ 
ing between the outputs of the two 
oscillators. In this way the phase-locked 
loops will not have to re-lock onto each 
successive pulse. It should be emphasized, 
however, that the coherent system des¬ 
cribed here will work with conventional 
FSK transmitters with superior per¬ 
formance as compared to that of non¬ 
coherent reception. 


references 

1. Irvin M. Hoff, W6FFC, "Mainline ST-5 
RTTY Demodulator," ham radio, September, 

1970, page 14. 

2. Irvin M. Hoff, W6FFC, "Mainline ST-6 
RTTY Demodulator," ham radio, January, 

1971, page 6. 

3. R.W. Addie, G8LT, "Solid-State Teleprinter 
Demodulator," Wireless World, February, 1973, 
page 52. 

4. Schilling and Taub, Principles of Communi¬ 
cations Systems, McGraw-Hill, New York, 1971. 

5. Schwartz, Information Transmission, Modu¬ 
lation and Noise, McGraw-Hill, New York, 
1970. 

6. Signetics Phase-Locked Loop Applications 
Book, Signetics Corporation, 1972. 

ham radio 



“I see it’s almost time for you and your ham 
set to renew your marriage license.” 
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a good 

two-meter 

Construction of 
a high-performance 
144-MHz preamp 
that provides 
15-db gain 
and low noise figure 


Recently I had need for a small, 
mechanically-stable, well-shielded, low- 
noise, two-meter preamplifier. The first 
three requirements were met by using a 
Pomona 2397 "Black Box." It is a cast- 
aluminium box measuring 2.2 x 2.8 x 
5.7 cm (7/8 x 1-1/8 x 2-1/4 inches). 
Because of the small size, direct wiring 
rather than a printed circuit was used; 


preamplifier 


I this might partially account for the good 
noise figure obtained. 

There are three important contributors 
to the noise figure (NF) of a preamp. 

1. The gain of the preamp and the NF 
o of the stage following it. 1 This preamp 
oo has 15-dB gain which is adequate so long 
as the unit it is feeding is reasonably 
.2 good; too much gain between the antenna 
O and the first mixer is bad. 2 


< 

s 

o 

CO 

X 

o 

GO 


a> 

3 

O 

0c 

00 

GO 

CO 

CO 


N 

C 

a> 

3 

CD 

ui 


<0 

c 

o 

OC 


2. The transistor. The RCA 3N159 has 
a respectable NF rating. 3 It is selected by 
the manufacturer to have a maximum NF 
of 3.5 dB and a typical NF of 2.5 dB at 
200 MFIz; the performance will be better 
at 147 MFIz. The 3N200 performs as well 
as the 3N159. 

3. The input circuit. The best transis¬ 
tor is worthless unless a low-loss (and 
thus low-noise) input circuit is used. The 
best input circuit coupling arrangement is 
the "tapped capacitor" and the worst is 
link coupling. 2 A good coil must be used. 
This circuit uses the JFD LC374 which is 
a combination piston capacitor and an air 
supported , silver plated coil. 

the circuit 

The preamp circuit is shown in fig. 1 
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and partial parts layouts are given in fig. 
2. Capacitors C2 and C3 provide the 
input coupling and present the proper 
"turns ratio" for impedance transforma¬ 
tion as well as providing most of the 
capacitance for resonating the input cir¬ 
cuit; both should be silver micas. LI and 
Cl are the JFD LC374. Cl is used mainly 
to physically support LI and one transis¬ 
tor lead, but it also provides a means for 
adjusting the resonant frequency of the 
input circuit. If all is proper, the input 
circuit should resonate with Cl near to its 
minimum capacitance. 

A dual-gate mosfet was used because it 
does not require neutralization (so long as 
adequate shielding, etc., are provided); 
this eliminated one coil and a lot of 
trouble. The 3N159 is the lowest noise 
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Cl part of JFD LC374 tank circuit (see text) 
C2 10-pF silver-mica with 3N159, 8-pF silver 
mica with 3N200 

C 3 15-pF silver-mica with 3N159, 12-pF sil¬ 
ver mica with 3N200 

C4 235-pF mica button 
C5 500-pF mica button 
LI JFD LC374 tank circuit (contains Cl) 

L2 6 turns no. 22 enamelled on a 5-mm 
(0.2”) diameter slug-tuned form, tap at 1 
turn 



C5 



fig. 2. Permanently mounted component loca¬ 
tion. As viewed from above, the coil on the JFD 
LC374 is almost beneath its capacitor. Cl. The 
transistor is located between the mica button 
capacitors. Make sure that the transistor will fit 
between the capacitors before mounting them. 


RCA unprotected dual-gate mosfet but 
since it does not have internal gate 
protection, caution should be observed in 
handling the device. Of the protected 
RCA dual-gate mosfets, the 3N200 has 
the best NF specification. However, the 
3N200 has higher input and output 
capacitances than the 3N159. Therefore, 
if a 3N200 is used in this circuit, use an 
8-pF silver-mica for C2 and a 12-pF 
silver-mica for C3.* 

construction 

As can be seen in fig. 2, C4 and C5 are 
button-mica capacitors. They support 
two of the transistor leads. Their values 
may seem small, but these values were 
chosen to provide series resonance with 
the transistor leads. 

The value of R1 was optimized to give 
minimum NF with 10-volts dc applied to 
the preamp. However, if other considera- 


fig. 1. The two meter preamp. Power is fed into 
the preamp through the rf output connector. On 
the right side is shown a power feed arrangement 
to be located inside the unit (receiver, converter, 
etc.) with which the preamp will be used. 


*The Texas Instruments 3N204 and 3N211 
appear to be good alternates for the RCA 
3N159 and 3N200. Although the 3N204 has a 
lower gain than the 3N211, it has a better noise 
figure. The author has not yet tried the Tl 
transistors in the preamp. Editor. 
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tions are important, it can be increased in 
value. 3 

The output tank is a conventional 
slug-tuned coil, 5-mm (0.2-inch) diam¬ 
eter, with 6 turns number-22 enamelled 
wire, tapped 1 turn from the cold end. 
Depending upon the coil form and slug 
characteristics, C6 might have to be 
changed to obtain the proper resonant 
frequency. 


alignment 

Alignment is quite simple. Adjust Cl 
and L2 for maximum signal. Then adjust 
Cl for minimum noise figure. (Note that 
tuning can be accomplished from the 
outside with the cover on.) If noise 
measuring equipment is not available, the 
approximate minimum noise figure can 
be obtained by tuning Cl on the low 



Construction of the low-noise two-meter preamp showing the component layout. Case is a small 
cast-aluminum box made by Pomona (see fig. 2). 


It was considered undesirable to pro¬ 
vide a separate input for the dc feed 
because of the small physical size of the 
preamp. Therefore, dc power is fed 
through the output coax (this is desirable 
for antenna-mounted preamps). An 
arrangement for feeding the dc into the 
coax is shown on the right side of fig. 1. 
If direct dc feed is desired, C7 can be 
replaced by a feedthrough capacitor such 
as a Centralab FT-2300; then, a 1000-pF 
ceramic should be inserted in series with 
the output connector at the point indi¬ 
cated by an X. 

To assure good contact between the 
coax connectors and the box, the threads 
in the connector flanges were drilled out, 
and the box was drilled and tapped for 
4-40 machine screws. The screws project¬ 
ing through the box provided a good 
means for obtaining ground points. 
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frequency side of the resonance (run the 
piston into Cl); tune either for approxi¬ 
mately a 10% decrease in output signal or 
turn the piston into Cl by about one-half 
turn. 

The good results were obtained by 
using the Pomona "Black Box" (actually, 
it is blue), the JFD tank, the dual-gate 
mosfet, and the tapped-capacitor input 
circuit. Don't cheat yourself—buy the 
proper components. 
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optimum height 

for 

horizontal antennas 


How to choose 
antenna height 
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A recent magazine article 1 showed that 
the higher the better holds true for the gain 
of a horizontal dipole, and presented a 
graph showing improvements of over 20 
dB with increased height. Since 20 dB is a 
pretty healthy gain, I decided a further 
consideration of this approach to increas¬ 
ing antenna gain was called for. 
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Any antenna book will show that the 
distant field strength from a horizontal 
dipole is proportional to sin <h sina), 
where h is the electrical length and a is 
the radiation angle. This equation is, 
however, too simplified for many practi¬ 
cal antenna comparisons. As is often the 
case, I fall back to Kraus' Antennas 2 and 
his equation (11-87) on page 305 is 
pertinent here. This equation gives the 
gain for a half-wave horizontal antenna 
above ground referenced to a half-wave 
antenna in free space. Thus it allows 
comparison to be made to a standard 
reference, as well as comparison of one 
real antenna to another. 

The equation is: 

G -y/ i R1 L r |2 sin (h r sin a)| 
tt i 1 + M i L “m 

r 21 = A/2 self resistance 

= A/2 loss resistance (assumed 

zero here and in Kraus' 
Antennas) 

R m = mutual resistance between A/2 

and its image 2h away 

h r = (2;r/A)h 

Where Rjj is 73 ohms at an infinite 
height, and (R u — R m ) is the antenna 
resistance at any given height, as shown in 
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fig. 245 of the ARRL Antenna Hand¬ 
book, 3 or Kraus, page 305. 

determining factors 

This equation shows that the differ¬ 
ence in gain between two antennas of 
different height occurs at certain combin- 


free-space antenna is only 2 to 1? It is a 
case of comparing apples to oranges. The 
2 to 1 improvement figure refers to the 
comparison of the field strength of a 
certain height real-life horizontal dipole 
at the radiation angle giving maximum 
field strength to a similar one in free- 


table 1. Vertical-radiation from various height horizontal antennas, as compared to a 


half-wave dipole in free space (see fig. 1 
maximum radiation occurs. 

antenna height 


(radians) 

(wavelength) 

a 

a 

h r 

h 

X 

2° 

10° 

36° 

0.1 

0.08 

0.41 

90° 

0.25 

0.10 

0.49 

108° 

0.30 

0.11 

0.56 

126° 

0.35 

0,13 

0.64 

180° 

0.50 

0.22 

1.06 

270° 

0.75 

0.32 

1.45 

360° 

1.00 

0.44 

1.77 


ations of height and radiation angle, that 
the antenna resistance is an important 
term when the usual assumption of con¬ 
stant power is used, that electrical height 
should be used, and that the maximum 
gain of a real antenna over one in free 
space is 2 to 1. 

How, then, can you get more than 6 
dB gain when the maximum gain over a 


90* 



fig. 1. Relative field strength for horizontal 
half-wave antennas vs h in wavelengths as a 
function of radiation angle for constant power. 


. The last column shows angle at which 
vertical radiation angle 


a 

a 

a 

a 

a 

20 ° 

30° 

60° 

90° 

max 

0.79 

1.15 

1.93 

2.19 

10 

o 

o 

0.94 

1.29 

1.79 

1.83 

10 

o 

o 

1.05 

1.41 

1.74 

1.65 

56.4° 

1.17 

1.53 

1.63 

1.39 

45.6° 

1.79 

2.04 

0.83 

0 

30.0° 

1.98 

1.40 

1.60 

1.98 

19.5° 

1.67 

0 

1.49 

0.0 

14.5° 


space. The over-6 dB case involves 
comparing the field of one real antenna 
to the field of another real antenna, at a 
certain radiation angle. We will see, how¬ 
ever, that a 20-dB improvement does not 
always result, depending upon what com¬ 
bination of a, (Ri 1 )r and h r is 

used. 

The equation shows that at any height 
between 0.1 and 0.25 wavelength the 
maximum field of a horizontal is always 
at a radiation angle of 90° (straight up!), 
although the low-angle radiation does 
increase at the 0.25 wave height. Above a 
quarter wave each height, h, has an angle 
where the maximum radiation occurs, as 
shown below: 


h/X 

a 

0.25 

90° 

0.30 

5 6.4° 

0.35 

45.6° 

0.50 

30.0° 

0.75 

19.5° 

1.00 

14.5° 


This shows why it is so hard to get good 
low-angle radiation with a horizontal 
dipole on 80 meters. This is also what got 
me interested in using verticals for 
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80-meter DX. Antenna height in wave¬ 
lengths should be used with the formula, 
or at least the height in feet should be 
converted to wavelengths, as the results 
will then apply to any amateur band. A 
10-foot (3-meter) high dipole works a lot 
differently at 80 meters than one at that 
height for the 20-meter band. 

The equation, or better yet the prin¬ 
ciples upon which it is based, shows zero 
radiation at a radiation angle of zero 
degrees. This is because the antenna and 
image have currents equal in strength, but 
opposite in phase, so the field at a 
distance cancels at a = 0°. There is, how¬ 
ever, radiation at angles for a > 0°. This 
radiation is plotted in fig. 1. 

examples 

To illustrate these points, consider 
some examples using an h of 0.1 wave¬ 
length as compared to one of 1 wave¬ 
length, at several radiation angles. The 
field from either is zero at a = 0°. Next 

3 0 

The gain of an antenna 0.1 wavelength 
high compared to one in free-space at a = 

3 0 - 

is: 

G = \J 2 ^ 12 sin (36° x sin 3°>| 

= 1.86 x2 x0.0329 = 0.1226 

For the 1-wavelength high antenna at 

a = 3°, 

G = \/^ 12 sin (360 x sin 3°>| 

= 1 x 2 x 0.3229 = 0.6459 

The gain of the 1-wavelength high an¬ 
tenna over the 0.1-wavelength height is 
(0.6459/0.1226) - 5.27, or 14.4 dB. This 
is about the best improvement that I 
calculated at this radiation angle. Other 
10 to 1 height ratios gave the following 
gains: 

0.5/0.05 10 dB 

0.35/0.035 3 dB 

0.6/0.06 11 dB 

It is possible that there could be 20-dB 
improvement at smaller radiation angles, 

42 (231 june 1974 


but the actual field-strength values would 
be quite small at such low angles. Let's 
try a = 14.5°, where the 1-wavelength 
antenna height has radiation maximum. 

G for h = IX and a - 14.5° is 2.0 
G for h = 0.1X and a - 14.5° is 0.5828 
G (1X/0.1X) = 10.7 dB 

At 30°, the 1 wavelength high antenna 
has no radiation, so the 0.1 wavelength 
height would be a better choice and 0.5 
wavelength would be even better since its 
maximum radiation occurs at a = 30°. 
Any number of examples could be worked 
out, but all of these appear in fig. 1. 
Using it or the data in table 1, you should 
be able to select the optimum antenna 
height for the radiation angle of greatest 
interest to you. 
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“I’m expecting to experience strong inter¬ 
ference on an unwanted sideband . . . My 
mother-in-law is coming to visit.** 




local-oscillator waveform 


effects on 
spurious mixer 
responses 


Tests with 
doubly-balanced 
1C mixers 
and dual-gate 
mosfet mixers 
indicate no 
detrimental affects 
with square-wave 
injection signals 
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Up until now receiver local oscillators 
have been crystal or LC controlled and 
the waveform was of no particular signifi¬ 
cance. The output of these oscillators was 
a fairly good sine wave. Everyone ac¬ 
cepted, without question, that the local 
oscillator output should b eclean. Current 
receiver designs require that the first local 
oscillator be crystal controlled at 500 
kHz intervals throughout the high- 
frequency spectrum. The frequency 
synthesizer seems to be a natural for this 
but it can introduce some problems. 

The output of a synthesizer is often a 
square wave, and in the usual tunable i-f 
receiver, the use of a tuned circuit to 
clean up the waveform could become 
very complicated. The question has arisen 
in my mind, can I get away with using a 
square-wave local oscillator? 

I feel, as do most hams, that one good 
test circuit is worth a thousand words of 
theoretical discussion. I decided to try 
two different mixer circuits. The first was 
an integrated circuit doubly-balanced 
mixer, the Signetics N5596, which is 
equivalent to the Motorola MC1596. 1 
The other circuit I tried was a dual-gate 
mosfet, the MPF122. The reason for 
using these circuits was that I planned to 
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fig. t. Test setup for comparing performance of 
N5596 tC mixer and dual-gate mosfet mixer 
with square-wave local oscillators. 








use them in some projects which are now 
in the planning stage. 

test procedure 

The source of sine-wave local oscillator 
was a homebrew signal generator built 
around a General Radio Unit Oscillator 


10 MHz to obtain a beat with the 
fundamental of the local oscillator, and 
the signal level was adjusted for a reading 
of 20 dB over S9 at the receiver. Next, 
the 608A signal generator was set to 
obtain a beat with the harmonics of the 
local oscillator injection frequency and 
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fig. 2. Simple 1C circuit for generating a square-wave output from the sine-wave generator. 


(fig. 1). The square-wave source was 
derived from the sine-wave source using 
the circuit shown in fig. 2. The 10-turn 
pot is a symmetry adjustment and in all 
cases was adjusted for minimum second 
harmonic response of the mixer circuit 
under test. The signal source was a 
Hewlett-Packard 608A signal generator 
which has a minimum frequency of 10 
MHz. The receiver used was a Drake 2B. 

In all tests, the local oscillator was set 
to 6 MHz and the receiver was set to 4 
MHz. The signal generator was first set at 


the 608A. The attenuator was reset to 
maintain the former S-meter reading at 
the receiver. 

For example, the third-harmonic spuri¬ 
ous response of the mixer was checked by 
setting the 608A at 14 MHz to beat with 
the third harmonic of the injection fre¬ 
quency. Then the signal level was in¬ 
creased until the S-meter once again read 
20 dB over S9. If the signal level required 
was at or above the overload level, the 
data point was thrown out. 

The N5596 1C was connected as 


+ 12V 



fig. 3. High-frequency mixer circuit using the Signetics N5596. Resistor marked with an asterisk is 
removed when using a square-wave local-oscillator. 
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table 1. Harmonic response of N5596 1C balanced mixer 


in dB below fundamental response. 

dB with 

60 mV rms 

dB with 
300 mV p-p 

harmonic 

frequency 

sine-wave 

square-wave 

number 

(MHl) 

injection 

injection 

1 

2 

NM 

NM 

1 

10 

0 

0 

2 

8 

NM 

NM 

2 

16 

-40 

-44 

3 

14 

-19 

- 9 

3 

22 

-17 

- 9 

4 

20 

OL 

-41 

4 

28 

OL 

-48 

5 

26 

-34 

-12 

5 

34 

-33 

-10 

7 

38 

OL 

-14 

9 

50 

OL 

-14 

11 

62 

OL 

-13 

13 

74 

OL 

-12 

15 

86 

OL 

- 7 


shown in fig. 3. The balance control was 
adjusted by setting the local oscillator to 
4 MHz and adjusting for minimum carrier 
feedthrough. Table 1 shows the results of 
the tests. The spurious responses are given 
in dB relative to the fundamental re¬ 
sponse at 10 MHz. The injection voltages 
given in the column headings are ac¬ 
cording to data supplied by Signetics. 2 

In the table, the notation OL means 
that an overload signal level was required 
to produce a 20 dB over S9 meter 
reading. The note NM means that no 
measurement was taken at this frequency. 

The dual-gate mosfet mixer is shown 
in fig. 4. I did not have very much data 
on the MPF122 so I guessed that the 
output impedance would be about the 
same as the N5596. The value of the 
source resistor comes from a page of the 
information supplied by Circuit Special¬ 
ists Company. Gate two was placed at dc 
ground because this gave maximum con¬ 
version gain. 

The chosen injection voltage of 1-volt 
rms seemed to be optimum. The 5-volt 
p-p square wave was chosen to maintain 
the same sine-wave voltage to square-wave 
voltage ratio as that used for the N5596 
1C. 

As a final check, the square wave was 
viewed on an oscilloscope and it was 
confirmed that the minimum second har¬ 
monic response really did occur when the 
square-wave was symmetrical. The results 
of testing the MPF122 mixer are given in 
table 2. 

conclusions 

One of the more obvious conclusions 
is that the local oscillator should be 
operated above the incoming signal. For 
the frequencies used here, the received 
frequency would be 2 MHz, The closest 
spurious signal is at 8 MHz which could 
be attenuated by a preselector of good 
design. On the other hand, if the 10-MHz 
signal were used, the 8-MHz spurious 
could be rather troublesome. 

In both mixer circuits, using a square- 
wave injection actually reduces the 
second harmonic product. If the preselec¬ 
tor has very good ultimate attenuation, 
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the use of square-wave could be advan¬ 
tageous. 

The harmonics of very high order are 
much stronger with a square wave than 
with a sine wave and although this may 
not cause any trouble in a receiver, the 
presence of vhf spurious signals in a 
transceiver or transmitter could make 
TVI reduction more difficult. If a pre¬ 
mixer and fixed first i-f are used, the first 
mixer injection waveform can be easily 
cleaned up by simply adding another gang 
to the preselector. 

A type-D flip-flop might be a useful 
premixer because its output is only the 


table 2. Harmonic response of dual-gate MPF122 mosfet 
mixer in dB below fundamental response. 


dB with dB with 

1-V rms 5-V p-p 


ha rmonic 

frequency 

sine-wave 

square-wave 

number 

(MHz) 

injection in 

injection 

1 

2 

NM 

NM 

1 

10 

0 

0 

2 

8 

NM 

NM 

2 

16 

-15 

-47 

3 

14 

-12 

-10 

3 

22 

-13 

- 9 

4 

20 

-23 

-41 

4 

28 

-22 

-43 

5 

26 

-23 

-13 

5 

34 

-22 

-12 

7 

38 

NM 

-18 

9 

50 

NM 

-15 

11 

62 

NM 

-21 

13 

74 

NM 

-15 

15 

86 

NM 

-10 



difference frequency (plus odd harmon¬ 
ics) with no sum or original frequencies 
coming through. 

afterthoughts 

The article by Moore 3 arrived too late 
to be factored into the preparation of this 
article. He points out that one manu¬ 
facturer of professional receivers uses 
square-wave injection voltage to the 
mixer. This adds relevance to the work 
done in this article. 


+I2V 



fig. 4. High-frequency mixer circuit using an 
MPF122 dual-gate mosfet. Resistor marked 
with an asterisk Is removed from the circuit 
when using a square-wave local oscillator. 


I did notice that the input voltage 
required to saturate the mixer was slight¬ 
ly higher when a square wave was being 
used as the local oscillator. This was true 
for both circuits. In general it seems to be 
possible to replace a double handful of 
crystals with a frequency synthesizer if 
some care is taken with the overall 
receiver design. 
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GREGORY ELECTRONICS 

Reconditioned & Used 
FM 2-WAY RADIO SAVINGS 

Send for New Catalog 
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from our new 
’74 catalog... 


General Electric 
Telephone Control Heads, 
with handsets, 
less brackets, as is, 

$ 48.00 


2 Meters 

General Electric 
Progress Line 
4 freq. transmit 
and receive decks. 

GE #7776221-G7, 144-174 MHz. 


$ 


25.00 


GE #7776221-G8, 450-470 MHz. 


$ 


25.00 


6 Meters 

General Electric 
330 watt power amplifier only, 
type EF4A, 42-50 MHz. 


$ 75.00 


GREGORY ELECTRONICS CORP. 

239 Rt. 46, Saddle Brook, N. J. 07662 
Phone: (201) 489-9000 
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understanding 

spectrum analyzers 


Spectrum analyzers | 

are very useful I 

in radio communications — | 

o 

here's how they work § 

and how to use them § 

i- 

A 

"ra 

Q 

a? 

Spectrum analyzers are instruments c 

which display signal amplitude versus ^ 

frequency on a cathode-ray tube (CRT). -5 

Fig. 1 shows how a typical spectrum "2 

analyzer CRT display might appear. The > 

three vertical responses are produced by Jj 

three separate input frequencies, and the $£ 

jagged nature of the base line is caused by £ 

the system noise. CW signals appear as ^ 

vertical lines, and modulated signals will 2 

show sidebands. in 

The Heathkit SB-620 Scanalyzer is a ^ 
special-purpose spectrum analyzer which = - 

is used in conjunction with a communica- ^ 
tions receiver. It displays all signals whose >. 
frequencies are within a few hundred kHz c 
of the frequency to which the receiver is 3 
tuned. Thus the operator may visually o 


observe the activity on the band and see 
where the strong signals and clear fre¬ 
quencies are located without having to 
tune his receiver. 

operation 

Fig. 2 is a simplified block diagram of 
a spectrum analyzer. It is nothing more 
than a receiver whose frequency is swept 
across a certain band, and whose output 
causes a vertical deflection on the CRT 
for each input signal encountered. 

The input network may vary according 
to system requirements. It may contain a 
filter to limit the input signals to the 
desired frequency range, and thus prevent 
image responses. An amplifier may also 
be included to improve sensitivity. 

The mixer produces an i-f output 
whose frequency is the difference be¬ 
tween the input frequency and the local 
oscillator frequency. This output is ampli¬ 
fied by the i-f amplifier, detected, and fed 
to the vertical deflection plates of the 
CRT. 

As is the case with an ordinary re¬ 
ceiver, the frequency of the spectrum 
analyzer is controlled by varying the 
frequency of the local oscillator (LO). 
Since the spectrum analyzer must auto¬ 
matically and continuously sweep across 
a band of frequencies, the LO must be 
voltage controlled so that its frequency 
may be varied by changing its control 
voltage. 

A sawtooth waveform generator pro- 


50 m june 1974 



vides the control voltage for the LO and 
the sweep signal for the horizontal de¬ 
flection plates of the CRT. This arrange¬ 
ment causes the electron beam in the 
CRT to move horizontally across the face 
of the CRT as the frequency of the LO 
changes. Thus the horizontal position of a 
vertical response on the CRT is directly 
related to frequency. For good accuracy 
it is important that the sawtooth wave¬ 
form be linear, and that the relationship 
of control voltage to LO frequency also 
be linear. 

As an example of how the spectrum 
analyzer performs, assume the input fre¬ 
quency range is 3 to 8 MHz, and the 
center frequency of the i-f amplifier is 9 
MHz. The LO must sweep from 12 to 17 
MHz to produce a difference frequency 
of 9 MHz between the LO and input. If 
an input signal exists at 4 MHz, an i-f 
signal will be produced when the LO 
frequency sweeps through 13 MHz. 

i-f bandwidth 

It is desirable that a CW signal appear 
as a straight vertical line on the CRT. To 
approach this condition, however, the i-f 
bandwidth must be very small compared 
to the frequency range swept by the 
spectrum analyzer. In the example above, 
the horizontal scale of the CRT would 
cover 3 to 8 MHz, a sweep width of 5 
MHz. In this case, an i-f bandwidth of 5 



- FREQUENCY -► 

fig. 1. Typical spectrum analyzer display (CW 
signals). 


kHz would give good resolution because 
it represents only 0.001 of the total 
horizontal scale. The CRT response to a 
CW signal would be quite narrow, being 
only 0.001 of the total horizontal scale at 
the 3-dB points. 

If, however, the spectrum analyzer is 
adjusted so that the total frequency range 
swept is from 3.00 MHz to 3.05 MHz (a 
sweep width of 50 kHz), then a 5 kHz i-f 



bandwidth would be only one-tenth of 
the horizontal scale. This would produce 
a poor display such as that shown in fig. 
3, and the display would show the fre¬ 
quency response of the i-f passband 
rather than the desired vertical line. This 
illustrates why the ratio of sweep width 
to i-f bandwidth should have a value of at 
least 100, and preferably higher. 

sweep speed 

As the i-f bandwidth is decreased, it 
lowers the limit on how fast the fre¬ 
quency range may be swept. This is 
because the rise time of the i-f amplifier 
increases as its bandwidth is decreased. If 
the spectrum analyzer sweeps by a signal 
too rapidly, the i-f amplifier won't have 
time to respond to it. 

Another problem encountered when 
the i-f amplifier frequency response has 
steep skirts is that ringing will occur if the 
sweep speed is too fast. This will produce 
a distorted display such as that shown in 
fig. 4. It can be shown mathematically 
that, if the i-f passband is determined by 
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a single tuned circuit, the minimum i-f 
bandwidth should be 


i-f BW mln > 1.18 N / swee P width 
m,n v sweep time 


l*\ 


This is seldom if ever the case, because a 
single tuned circuit would not provide 
sufficient selectivity. 



L_ SWEEP WIDTH _J 

“ • 50 kHz n 

fig. 3. Poor resolution of the spectrum analyzer 
display occurs when the i-f bandwidth of the 
instrument is too large a fraction of the sweep 
width. 


It has been determined empirically 
that if the i-f passband has a nearly ideal 
rectangular shape, the minimum i-f band¬ 
width should be 


i-f BW min >10'/ SWee P” idth 

T c\A/Pon timp 




As an example, assume the horizontal 
scale of a spectrum analyzer CRT is to be 
500 kHz wide, and the time of one sweep 
is to be 0.01 second (this corresponds to 
a sawtooth frequency of 100 Hz). The 
minimum i-f bandwidth is found from eq. 
2 to be 

i-f BW = 10 = 70.7 kHz (3) 


Obviously the i-f bandwidth is too 
wide to give a satisfactory display, be¬ 
cause it is 14 percent of the total hori¬ 
zontal scale. To obtain a reasonable dis¬ 
play, the sweep speed must be decreased 
to accommodate a suitable i-f bandwidth. 
Assuming that a 5-kHz i-f bandwidth will 
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be narrow enough, eq. 2 may be rear¬ 
ranged and solved for sweep time. 


sweep time = 100 (sweep width) 
sweep itme ^ f Bw)2 

_ 100(500,000) 
(5000)2 

= 2 seconds 


(4) 


This corresponds to a sawtooth fre¬ 
quency of 0.5 Hz. With such a slow sweep 
speed, a CRT having long persistence 
phosphor becomes desirable. It should be 
remembered that somewhat faster sweep 
speeds may be used as the i-f passband 
skirts become less steep. 

conclusion 

This brief article only barely intro¬ 
duces you to the subject of spectrum 
analyzers and some of the more im¬ 
portant design constraints and criteria, 
but it is hoped that it will assist those of 
you who are interested in designing. 



fig. 4. Spectrum analyzer ringing, shown here, is 
due to excessive sweep speed. 


building or modifying these versatile de¬ 
vices. Spectrum analyzers exist in the 
form of complete instruments and as 
attachments to be used with oscillo¬ 
scopes. In the latter case, the oscilloscope 
should have a direct-coupled (dc fre¬ 
quency response) horizontal channel to 
preclude distortion of a low-frequency 
sawtooth waveform before it reaches the 
horizontal deflection plates of the CRT. 

ham radio 
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When you live in an area where low-fre¬ 
quency private-line tone is the key to the 
local fm repeaters, a new transceiver is a 
challenge. It's not always easy to find the 
right place to insert the low-audio tone in 
the existing circuit without creating addi¬ 
tional problems. However, amateurs who 
live in "private-line" areas know that it 
must be done. And, as more and more 
repeaters go to private-line, as some have 
predicted, the challenge will become 
more widespread. 

Recently, Heath introduced its HW-202 
two-meter fm transceiver. It's an ex¬ 
cellent rig, but it presents some unusual 
problems to private-line installations. This 
article shows how to solve these prob¬ 
lems. 

the circuit 

In most fm rigs, the normal practice is 
to put the private-line circuit (usually a 
reed vibrator or twin-T circuit) in the 
modulation chain, after the clipping, 
limiting and deviation adjustment cir¬ 
cuits. This is often accomplished by 
running the output of the private-line 
board through an appropriate dropping 
resistor, to the output arm of the devia¬ 
tion control, which is usually only one or 
two components removed from the mod¬ 
ulation diode or transistor. This keeps 
private-line level independent of any 
other modulation. 

Unfortunately, the Heath HW-202 de¬ 
sign doesn't allow for installation of the 
private-line output at that point. Heath 


june 1974 53 




follows up the output of their modulator 
(Q202-Q204) with an RC filter chain of 
high series resistance (R248, R252-R255, 
C253-C257) {see fig. 1). A 4700-ohm 
resistor (R256) connects this chain to the 
modulation diode, D207. Unhappily, any 
bypassing on the output side of the 
private-line board {mine is a Motorola 
CTS) represents a comparative short to 


installation 

Mechanical installation was rather 
simple. There are no holes to drill if the 
private-line board is installed in an en¬ 
closed space with foam surrounding it. 
Heath made it especially convenient by 
putting an extra hole in the transmitter 
circuit board printed-circuit foil at the 
junction of L201, R218, R219 and C236. 



ground for the modulator output. Devia¬ 
tion drops to zero. It's obvious that 
another installation point had to be loca¬ 
ted. 

The point finally chosen was more 
convenient than you might think. Heath 
inserts the audio to the cathode end of 
the modulation diode. However, since the 
diode is not directly grounded, it is 
possible to modulate either or both sides 
of the diode at once. Since it was 
impossible to modulate the cathode in 
this case, the private-line was inserted on 
the anode side. Fig. 1 shows the exact 
point of insertion {junction of L201, 
R219, R218, and C236). I used a Moto¬ 
rola CTS Board in my rig, which provides 
0.5-volt rms output and requires no series 
resistance of its own for approximately 
500-hertz deviation. 


Fig. 2 shows the position of the unused 
hole on the circuit board. 

The output of the private-line board is 
run through shielded wire to that hole. 
The shield is grounded to the underside 
of the board at the point marked X (fig. 
2). Voltage for the board can be taken 
from any 13.8-volt point in the unit. I 
personally chose taking the voltage off 
the hot side of the pilot lamp on the 
regulator/hash-filter circuit board. 

If hash filtering is needed for the 
private-line board, as it was in my case, a 
220-ohm series resistor, followed by a 
500-juF capacitor to ground, will do the 
job. It may also be advisable to install a 
switch for the B+ supply to disable the 
private-line circuit when you're traveling 
out of town. At least a few repeaters in 
the Midwest will reject signals containing 
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private-line tones. Instead of defacing 
your unit, it may be better to replace the 
present 2000-ohm squelch control with a 
push-pull switch type. I set mine to turn 
off the private-line in the "pulled" posi¬ 
tion. The squelch function is, of course, 
not affected. 

The private-line unit is wrapped in 
electrical tape and mounted in foam 
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the dipole beam 

Dreaming about beams makes no con¬ 
tacts. Commercial beams can be both 
expensive and troublesome. Don't forget 
that the dipole is a beam antenna, albeit 
bi-directional. It is not unidirectional like 
a beam but, then again, side rejection 
might be considerably better than that 
obtainable from a poor three-band beam. 
Often QRM off to the side is more the 
culprit than signal pick-up from the rear. 
Furthermore, the dipole provides a direct 
match to 50- or 70-ohm coaxial cable so 
you don't have to fiddle with any sort of 
matching arrangement. Matching arrange¬ 
ments restrict bandwidth and introduce 
loss. 

A dipole for 10, 15 or 20 meters is a 
simple lightweight affair that can be 
rotated by arm-power or the smallest of 
TV antenna rotors. Your basic support 
can be a 10 x 6-inch (25.4 x 15.2-cm) 
piece of 5/8-inch (16-mm) plastic, fig. 1. 
Two pairs of U-bolts can be used to hold 
the two pieces of inexpensive aluminum 
tubing to the plastic. Another pair of 
heavier U-bolts holds the antenna to the 
mast. 


Do you need the gain of a large beam? 
It can be useful for chasing down rare 
ones. On 10 or 15 meters the band is well 
open in a given direction or it is closed to 
sensible communications. A 1 or even 2 
to 3 S-unit differential is unimportant in 
the majority of short DX contacts. The 
differential is even less important in 
stateside contacts. Things are tougher on 
20 meters but this band is tough for 
everyone, even those with beams bursting 
with watts. 

Then there is the matter of wind 
resistance and pocketbook load. The cost 
per foot of putting your dipole at a 
specified height is substantially less than 
that required to put a beam at the same 
altitude. The dipole is less likely to come 
down and, if it does, the financial loss or 
trouble are less than the catastrophe of a 
disjointed beam. 

A split dipole arrangement can be used 
on more than one band through the use 
of a line tuner. My preference is for the 
T-network type (refer to the January, 
1973, issue of ham radio, page 59). I have 
used one such 15-meter dipole for almost 
a year and have worked out pretty much 
where I wished to on 10 and 15 meters. 
The radiation pattern is still bidirectional, 
a standard figure-eight on 15 meters, 
extended and sharper figure-eight on 10 
and a broad figure-eight pattern on 20. If 
a 20-meter dipole is used, the standard 
figure-eight pattern is obtained on 20 
while a reasonable figure-eight pattern 
persists on 15. On 10 meters the pattern 
becomes a lobed affair. 
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hanging in there 

If your dipole is mounted in an acces¬ 
sible location, such as immediately over a 
chimney or roof top, short sections of 
insulated wire can be hung on the end of 
a 15-meter dipole whenever you wish to 



fig. 1. Basic construction of a rotatable dipole 
element showing the use of Unbolts and a scrap 
piece of plastic. 


operate on 20 meters, fig. 2. This simple 
trick permits 20-meter dipole operation 
in a tight location and where there is 
inadequate turning radius (attic mount) 
for a full-length 20-meter dipole. A better 
plan is to have a pair of extensions (about 
6-feet or 2-meters long) that can be 
telescoped into the dipole ends. 

15-meter two-element 

The same basic construction can be 
used for a two-element beam, fig. 3. If 
the reflector is spaced one-quarter wave¬ 
length in back of the dipole there is a 
minimal reduction in antenna impedance. 
Again, the T-network line tuner is a fine 
crutch if your transmitter is anemic and 
requires a perfect match (one of my 
transmitters is so inclined). 

A line tuner permits this same antenna 
to function very well on 10 meters. The 
15-meter reflector is not too long to 
provide some gain and directivity on 10. 
You can also load it on 20 meters with a 
tuner. If readily accessible, telescoping or 
hanging end pieces can be attached to the 
15-meter dipole to resonate it on 20 
meters, fig. 4. In this case the 15-meter 
reflector does some 20-meter directoring. 


Ingenuity is a fun substitute for high 
costs. 

matching emancipation 

The matching dispute has two avenues 
of thought. There is the complete-match 
phobia and the other. Personally I pursue 
the other. In most amateur practice 
antenna-to-line mismatches up to 3-to-1 
have little effect on antenna system per¬ 
formance. 

Where the mismatch hurts is at the 
transmitter. This is a matter of trans¬ 
mitter design and is a form of technical 
enslavement that hampers amateur 
antenna experimentation. Transmitter 
mismatches result in loss of output, rapid 
aging of the output stage, introduction of 
distortion components (sometimes) and 
other defects that could be avoided with 
the design of a wide-impedance output 
matching system. 

In summary, the major ill effects of 
mismatched loads are a transmitter limita¬ 
tion and not one of antenna performance. 
The average amateur can overcome this 
limitation with the use of a tuner. The 



fig. 2. To add 20-meter operation to your 
15-meter dipole simply clip an extension wire 
on each side. 

r. 

manufacturer can overcome the problem 
with more versatile design or by including 
a tuner as part of the transmitter. In 
modern operation a tuner is not a bad 
idea at all because of its ability to 
suppress harmonics and other spurious 
radiation. 
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This problem has become very appar¬ 
ent to me because of the inquiries I have 
received with regard to matching the 
triangle antenna which has become 
increasingly popular on 40 and 80 meters 



fig. 3. Simple arrangement for adding a reflec¬ 
tor to a 15-meter dipole. 


and is used on 20 to 160 meters as well. 
The question usually evolves around 
obtaining an exact match using a single 
triangle-driven element. The problem is 
more prevalent on 20 and 40 meters than 
on 80 and 160. On the latter two bands 
the average height of the configuration in 
terms of wavelength and feedpoint above 
ground is such that the impedance is 
inherently low once the antenna is reson¬ 
ated. 

In the usual forty-meter installation 
the swr usually falls somewhere between 
1.5:1 and 2.5:1. Such a mismatch has no 
significant effect on the performance of a 
triangle antenna but is a matter of con¬ 
cern to those worried about swr and 
possible influence on their transmitter. 
The swr at the transmitter can be reduced 
with the use of a 4-to-1 balun and 
experimentation with the overall length 
of the transmission line. The ultimate 
answer is the use of an antenna tuner. 

The mismatch problem is a general one 
with full-wavelength closed antennas such 
as quad, delta and triangle. Tri-band 
beams can be an agonizing experience for 
the amateur striving for that perfect 
match although antenna performance it¬ 
self is little affected by what is normally 
considered a serious mismatch. 


In most amateur high-frequency 
antenna installations the practical length 
of the transmission line is such that very 
little loss is generated by the mismatch. 
Using high-quality low-loss coaxial line or 
open-wire types it is an insignificant 
quality. 

The full-wave closed antenna performs 
well at low mounting heights, can be 
readily positioned and shaped to fit the 
mounting site and provides good perform¬ 
ance despite necessary physical distor¬ 
tions away from straight-line mounting 
(see the May, 1973, issue of ham radio, 
page 66). 

add 160 to your 80-meter 
inverted dipole 

Many backyards that can handle an 
80-meter inverted dipole are too confin¬ 
ing for the construction of a full-size 
160-meter antenna. However, by accept¬ 
ing some distortions away from the 
straight-on construction you can add 
160-meter performance to your 80-meter 
antenna. The ends of your inverted dipole 
are low and in most situations it is 
practical to clip add-on sections that will 
provide 160-meter resonance. These can 



fig. 4. Telescoping section converts a 15-meter 
dipole to 20 meters. On 20 meters the 1 5-meter 
reflector acts as a director. 


be clipped on whenever 160-meter opera¬ 
tion is desired, producing a very fine 
performing antenna. They can be run 
straight away, keeping them 7 feet (2 
meters) or more above ground to permit 
pedestrian traffic. However, resonance 
can also be obtained by running these 
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extensions at various angles to meet your 
property line, fig. 5. I have operated one 
successfully on 160 meters using the 
arrangement of fig. 5B. 

To calculate the length of the exten¬ 
sions use the quarter-wavelength 




fig. 5. How to add 160-meter extensions to 
your 80-meter inverted dipole (see text for 
calculating extension length). 

equation, substracting from it the leg 
length of your 80-meter inverted dipole. 

, - _?34_ , 

*-ext p *-80 

'160 

where L ext is the length of the extension 
in feet, F 160 is the desired operating 
frequency on 160 meters and Lgo is the 


length of the 80-meter inverted antenna. 
This calculation may give you a longer 
overall length than required, but you can 
trim back both ends to establish reso¬ 
nance on the desired 160-meter fre¬ 
quency. Usually the extension needs to 
be cut back further as you fold the legs 
away from the straight-away plane of 
your 80-meter inverted dipole. 

Using a T-network tuner I was able to 
load this antenna on every band, 10 
through 160 meters. The performance of 
the configuration of fig. 5C was interest¬ 
ing in that it provided some additional 
directivity for operation on 10, 15 and 
20 . 

ham-metrics 

The English-speaking radio amateur 
has been talking metrics since the "below 
200-meters" days. However, in calculat¬ 
ing antenna length amateurs make the 
unnatural conversion to feet using the 
appropriate constants instead of going 
directly to antenna length in meters. The 
purchase of a meter stick or meter rule 
provides an easy introduction to the 
metric system when used in conjunction 
with antenna calculation. Typically, 
meter rules come in lengths of 10, 25 or 
50 meters. 

What is the wavelength of a 4-MHz 
wave? As you know, wavelength equals 
the quotient of propagation velocity 
(300,000,000 meters/second) over the 
frequency in hertz. Therefore: 

. _ 300 x 1Q6 _ 

^-meters 4 x 106 ^ meters 

What is a half-wavelength at this fre¬ 
quency? A quarter wavelength? 

X/2 = y = 37.5 meters 

A/4 = ^ = 18.75 meters 

What is the length of each quarter- 
wave segment of a half-wavelength dipole 
cut for 4 MHz considering an "end 
effect" of 4%? 

A/4 = 18.75 x 0.96 = 18 meters 
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400 Volt PIV $2.50 ea. 
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Factory New Semtech Bridge 
Rectifiers. 

ALL 5 AMPS 

50 Volt PIV $1.25 ea. 

100 Volt PIV $1.50 ea. 

200 Volt PIV $1.75 ea. 

400 Volt PIV $2.00 ea. 

ALL POSTPAID 



Use Standard 7447 Decoder- 
driver. Seven Segment Read¬ 
outs. All tested and guaran¬ 
teed. Specs included. Fit stan¬ 
dard 14 pin DIP socket. Full 
.335 inch high. Color, RED 
Less Decimal $2.00 ppd. 

With Decimal $2.25 ppd. 

With Colon $2.50 ppd. 

Same unit only contains nu¬ 
meral 1 and plus and minus 
sign. $2.25 ppd. 


JUST ARRIVED — Transformer, 115 VAC pri¬ 
mary, 18 volt, 5 amp ccs or 7 amp inter¬ 
mittent duty secondary $6.00 ea. ppd. 


General Purpose Germanium Diodes 
Similar to lN34a etc. 16 for $1.00 ppd. 

All Cathode banded. 100 for $5.00 ppd. 

Full leads. 1000 for $40.00 ppd. 


Transformer — American Made — Fully shield¬ 
ed. 115 V Primary. Sec. — 24*0-24 @ 1 amp 
with tap at 6.3 volt for pilot light. 

Price — A low $2.90 each ppd. 


400 Volt PIV at 25 Amp. Bridge 
Rectifier. 

$4.00 ea. or 3 for $10.00 ppd. 


Gl Printed Circuit type 
bridge rectifiers. 

200 v PIV @ 1.5 A 
50e ea or 3 for $1.25 

400 v PIV 0 1.5 A 
60tf ea or 3 for $1.75 




NEW NEW NEW 

Guardian Relay 12 Volt DC Coil 
4PDT 5 Amp Contacts 
Guardian Type 1315P-4C-12D 
Removed From New Equipment 
$2.00 ea. ppd. 



NEW NEW NEW 

3/16 inch Dia. LED Lites 
Red $.25 ea. ppd. 

Green $.40 ea. ppd. 

Yellow $.40 ea. ppd. 

Super BI-LED — Lites red 
with polarity one way and 
green when you reverse the 
polarity. Neat for many 
things. 

Price is a Low $.75 ea. ppd. 



SEND STAMP FOR BARGAIN LIST 
Pa. residents add 6% State sales tax 


ALL ITEMS PPD. USA 


m. wein/chenkei 

K3DPJ BOX 353* IRWIN, PA, 15642 


basic equations 

Three useful equations for making 
free-space wavelength calculations and 
one for calculating the length of one 
segment of a half-wave dipole are as 
follows: 

Length (free-spacefullwave)= 7 ^^- meters 

'MHz 

150 

Half wavelength = t -meters 

'MHz 

75 

Quarter wavelength = meters 

72 

X/4 dipole element = ;-meters 

'MHz 

For example, to find the length of a 
quarter-wave segment of a half¬ 
wavelength, 80-meter dipole for use on 
3.6 MHz, the calculation is as simple as 
this: 


72 

X/4 = = 20 meters 

Get out your meter rule and cut your 
dipole. If, out of curiosity, you may want 
to know how long your antenna is in feet, 
you can use a conversion factor to deter¬ 
mine this length. Why bother? You have 
already cut your antenna to resonate at 
3.6 MHz. Using the metric system is not 
so much accepting the new as it is throw¬ 
ing away the old. 

Recall the conversion you must make 
to inches when your answer is in decimal 
parts of a foot? No such foolishness is 
required with the metric system. Just 
remember that there are 10 decimeters in 
one meter and 10 centimeters in a deci¬ 
meter (100 centimeters in one meter). All 
of which can be read directly from meter 
rules of various types. For example, 
calculate the length of each segment of a 
half-wave dipole for operation on 14060 
kHz. 

72 

X/4 = i~ 4 Qg = 5.12 meters 

Measure off two lengths of 5 meters, 12 
centimeters and you have your 20-meter 
dipole. 

ham radio 
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solid-state 
tube replacements 

Dear HR: 

I was highly interested to see the letter 
from Mr. Walter Loomis printed in the 
October, 1973, issue of ham radio. The 
company that I am employed with is in 
the business of manufacturing semicon¬ 
ductors, and one of our products is very 
similar to the Fetron that Teledyne pro¬ 
duces. 

Being active in vhf myself, and having 
numbers of tube-type communications 
receivers that use 6AK5 tubes, I gave our 
devices a try. The following observations 
may be useful to some of your readers. 

1. Our first tube substitute was made 
in an epoxy block. The performance of 
this unit was slightly less than could be 
obtained by going to a ceramic substrate, 
as Teledyne had done. The main problem 
with the epoxy package was feedback 
capacitance, measured at about 0.05 pF. 

2. The input to the device is the gate 
of a jfet. Gate currents of good jfets are 
in the picoamp range, while grid currents 
in vacuum tubes are in the hundreds of 
nanoamps, even when operated at several 
volts of negative bias. This may cause 
problems with biasing, since the vacuum- 
tube oriented engineer may have been 
counting on this electron interception 
current to provide some operating bias 
for the tube. The Fetron will not show 
this bias. 

3. Input capacitance of the Teledyne 
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device is specified at 8 pF maximum, 
which is twice what the tube will have. 
This will lead to all sorts of impedance¬ 
matching troubles, even if the tuned 
circuit can be resonated, at operating 
frequencies above approximately 50-MHz. 

4. The gate of the input jfet looks like 
a diode connected from grid to cathode. 
This diode cannot be forward biased to 
much more than 0.8 volts. Consequently, 
applications depending on short pulses of 
high current (class-C frequency multi¬ 
pliers) cannot be expected to work well, 
as the tube replacement cannot be en¬ 
hanced as the original vacuum tube could. 

5. Many communications receivers use 
a small positive bias voltage applied to the 
bypassed end of the grid bias resistor for 
the rf amplifier. This voltage becomes a 
few volts negative on strong signals from 
age circuitry in the i-f of the receiver. 
However, when the receiver is idling with 
no signal input, the positive bias voltage 
will flow through the resistor and forward 
bias the gate diode in the input jfet. This 
bias causes the jfet to show a marked 
decrease in g m , usually to about 1/10 of 
the original value. Thus, a sort of “inverse 
age” action results. Additionally, the in¬ 
put impedance decreases markedly under 
these conditions, further aggravating the 
low gain problem. The fix here is to short 
out the age line. 

I have tried these solid-state tube 
replacements in every receiver that I have 
using a 6AK5. The results were most 
encouraging. Our epoxy model tube re¬ 
placement worked well at 6 meters, show¬ 
ing a 2-dB noise figure improvement over 
the tube. Gain was slightly higher (about 
1 dB) than the tube. Equally good results 
were obtained in 70-MHz i-f amplifier 
service. At 147 MHz, results were not 




encouraging. The input circuit could not 
be made to tune to the operating frequen¬ 
cy, and overall sensitivity was extremely 
poor. Switching to our ceramic substrate 
type of tube replacement did not provide 
too much improvement at first. However, 
an investigation of the problem revealed 
that good results could be obtained. 

The noise figure of these devices is 
quite good, as the input transistor is a 
somewhat improved 2N4416. The feed¬ 
back capacitance is extremely low when 
the metal can is grounded. Measurements 
show it to be approximately 0.01 pF 
under operating bias. The Y os at the plate 
terminal is extremely low, about 0.05 
micromho. This is much better than the 
tube. In short, this device can run circles 
around the tube it replaces, provided the 
circuit is adjusted to optimize the design 
of the stage for the replacement device. 

After changing around the input and 
output matching networks of one receiver 
on 147 MHz, I obtained a sensitivity of 
0.2 microvolts for 20-dB quieting (with a 
20-kHz i-f bandwidth). Now I will never 
have to replace my rf stage again and I 
can expect long and trouble free main¬ 
tenance of the sensitivity. But I had to 
work on the receiver to take advantage of 
the performance of the device. 

I have also used the device in low- 
frequency applications such as limiters at 
455 kHz. The tubes replaced here were 
6BH6s and 6CB6s. In most of the places I 
tried them, the solid-state replacements 
worked as well as the original tubes. In 
some sockets, instability and oscillation 
was the result. The short between pins 2 
and 7 is probably responsible for this. 

An important point about fets that 
will probably limit the usefulness of 
solid-state tube replacements in a-m 
equipment (including ssb) is that the fet 
is a square law device, while the vacuum 
tube is only a poor approximation to 
square law, at best. Why is this? Because 
an a-m system almost always requires age, 
and the age action of a remote-cutoff 
pentode is very slow. Useful amplification 
can be obtained at -10 volts of grid bias 
with the remote-cutoff pentode, while 
the square-law jfet will long since have 


pinched off and become merely a low 
value capacitor connecting the input and 
output. On the other hand, since the jfet 
is such a good square-law device, it will 
provide excellent intermodulation distor¬ 
tion performance, which is a key require¬ 
ment in today's equipment. 

To summarize, I found the solid-state 
tube replacement to be a great device, but 
it is also one whose requirements must be 
understood to make it useful. 

Bob Hale, WB6APU 
Solitron Devices 
San Diego, California 

phasing receiver 

Dear HR: 

The Phase II communications receiver 
described by WA0JYK in the August, 
1973, issue is a good example of the 
practical realization of well-known con¬ 
cepts that can only be achieved after a 
certain level of technical refinement is 
reached in the state of the art. Simple 
concepts often seem the most difficult to 
implement. I would like to add a few 
comments that I hope will lead to a 
better understanding of the digital phase- 
shifting technique. 
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quadrature error 

The broad-band digital phase shifter 
used by WA0JYK, while only requiring a 
two-times frequency division instead of 
the more common four-times division,, 
depends heavily on symmetry of clock 
transition timing to maintain phase 
quadrature. That is, for proper operation, 
the clock transitions must be periodic at 
4-times F s j gna) since the basic two-stage 
shift or switch tail counter must have a 
clock component at four-times P sjgna | to 
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deliver quadrature phase output at 
^signal' ^he P ara P^ ase dock driver 
described in the article is a form of 
frequency doubling and causes one flip- 
flop to change state every clock transi¬ 
tion. The timing diagram above is offered 
to demonstrate this point. Clock asymetry 
is exaggerated for illustration. 

Asymetry of the clock transisions at 
twice the clock frequency may have 
several causes. Among them are junction 
saturation effects {minimal in ECL), non¬ 
linear junction capacitance, gain drifts, 
unequal path propagation delays and, in 
the circuit used in the article, comparator 
threshold and hysteresis. All of these 
effects are proportional to frequency. 
Differences in the Ql, Q2 flip-flop clock 
to output propagation times also add to 
departures from orthogonality but for the 
10131 ECL dual D-type flip-flop used, 
these effects should be smaller than the 
clock asymetry problems described above. 
Phase shifts due to differential flip-flop 
output loading and mixer differences 
should also be considered. 

In summary, if best use is to be made 
of the broad-band digital quadrature 
phase generator technique and optimum 
performance obtained from the high 
speed devices available, both flip-flops in 
the chain must see identical clock tran¬ 
sitions. This requires, of course, a funda¬ 
mental clock frequency of four times the 
desired signal frequency. 

Julius M. J. Madey, W6FAW 
Fairfax, California 

Mr. Madey has pretty well assessed the 
problems involved. / think in a word the 
present design might be summed up as 
economical. The frequency coverage was 
already limited by the immediate de¬ 
mands of Air Force Mars and no big 
effort was made to extend the range 
above 10 MHz. ECL logic is non¬ 
saturating and therefore does not radiate 
as much noise and doesn't cause as much 
noise in the power supply as does satur - 
ating-type logic. The MC1035P is very 
economical and has proven to be a real 
workhorse. The comparator threshold 
and hysteresis that Mr. Madey mentioned 
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no doubt exist in the MCI035 and enter 
into the poor performance obtained 
above 10 MHz. Clock symmetry of the 
MC1035P at 7 MHz looks very good on a 
Tektronix 545 but even that scope is not 
sufficient for a fair evaluation. 

The MC1035P presents no particular 
problem in waveform symmetry below 10 
MHz providing that either good crystals 
are used or a vfo is transformer coupled 
into the crystal socket with at least 1-volt 
p-p. With transformer coupling the vfo 
seems to preserve the symmetry of the 
vfo signal. 

The big problem arises when the 
10 MHz frequency limit is exceeded or 
the dock source is a synthesizer with a 
dissymmetrical output. Unfortunately, 
most inexpensive synthesizers and, most 
of all, those with TTL ICs have dissym¬ 
metrical outputs. One local amateur, well 
versed in digital logic, presented a con¬ 
vincing argument for including the digital 
phase shifter right in the synthesizer. 

Perhaps someone will develop this 
synthesizer with the quadrature output 
and the Phase 11 receiver can be pushed to 
20, 15 and even, possibly, 10 meters. It 
seems the digital phase shifter is sort of 
the thorn on the road to success. There is 
no way around it but perhaps we can help 
each other over it. 

G. KentShubert, WA0JYK 

motorola test set 

Dear HR: 

I want to congratulate you on Dave 
Maxwell's fine article, "Test Set for Mo¬ 
torola Radios." I have built it and we are 
now using it to align USAF MARS 
Motorola units on a MARS repeater 
frequency in the Las Vegas area. 

Two items of interest. The Amphenol 
microphone jack may be converted to a 
Motorola microphone jack by sawing a 
wider guide slot in the Amphenol unit. 
The Simpson 1212 50-/uA meter has an 
internal resistance of 5300 ohms. Any 
meter in the 5000-ohm range may be 
used. 

Oscar Heinlein, W7BIF 
Boulder City, Nevada 



all-channel 

frequency synthesizer 

Dear HR: 

The article, "Inexpensive All-Channel 
Frequency Synthesizer for Two-Meter 
FM," by Jim Fahnestock, W0OA, which 
appears in the August, 1973, issue of ham 
radio could cause people some serious 
problems. 

Several years ago I wrote a technical 
report* on spurious outputs from mixers, 
and I wondered about such outputs when 
I read W(JOA's article. I used the pro¬ 
grams described in that report to analyze 
the frequency sets he used, and then 
wrote a rather simple program in BASIC 
to do a somewhat more thorough analy¬ 
sis. The results of the latter calculation 
are enclosed for your information (see 
table 1 below). 

table 1. Possibly troublesome spurious mixer 
products of W0OA's frequency synthesizer 
using the 4x4 matrix. These products are 
based on an output at 146.28 MHz, using a 
fundamental frequency of 6095 kHz and 24- 
times multiplication (FI = 8125 kHz, F2 » 2030 
kHz). 


M 

N 

Frequency 

M+N 

1 

l 

6095 kHz 

2 

l 

7 

6085 kHz 

8 

2 

5 

6100 kHz 

7 

2 

11 

6080 kHz 

13 

3 

9 

6105 kHz 

12 

3 

15 

6075 kHz 

18 

4 

13 

6110 kHz 

17 

1 

used an output frequency of 

146.28 

MHz 

as a 

basis since that is our local 


repeater input frequency. The funda¬ 
mental frequency for a multiplication of 
24 is 6095 kHz. Note that for M + N = 7 
there is a spurious output only 5 kHz 
away. There is another spurious output 
10 kHz away from the desired signal for 
M + N = 8. These are both apt to result in 
strong spurious outputs from the fm 


’William E. Wageman, "Analysis of the Spuri¬ 
ous Frequency Response of Mixers," Los 
Alamos Scientific Laboratory document 
LA-4296-MS, December, 1969. 


transmitter since there is no way of 
removing them by filtering. 

In the article Mr. Fahnestock sug¬ 
gested that "mixing problems arise" when 
using a5x5ora6x6 matrix of 
frequencies. I did all the necessary cal¬ 
culations for a 6 x 6 matrix and analyzed 
it with the BASIC program. Interestingly 
enough, the mixing problems are down 
by two orders of M + N, and the closest 
spurious frequency goes out to 7.5 kHz 
away. This is an extremely doubtful 
practical solution, but it would be many 
dB better than the 4 x 4 matrix. 

It is possible that these cherries would 
work if digital mixers were used, but I am 
by no means certain since I have no 
experience with them. It seems unlikely 
that the author considered them with his 
emphasis on various filters. 

Bill Wageman, K5MAT 
Los Alamos, New Mexico 

vhf fm in england 

Dear HR: 

Here in England vhf fm has really 
gotten going. We have several fm groups 
similar to the local one (Southern FM 
Group). One fm repeater is in operation, 
licensed as GB3PI, and several more are 
under construction and waiting license 
approval. 

The Southern Group two-meter re¬ 
peater with which I am involved will use a 
modified Storno 613 solid-state base 
station. The control and ID equipment 
will be built by club members. Output 
power will be 25 watts, fed into an Antec 
antenna (7-dB gain). Input frequency will 
be 145.125 MHz; output will be at 
145.725 MHz. Callsign will be GB3SN. 

I have found the repeater articles in 
ham radio to be very useful in designing 
the control equipment for GB3SN and I 
would like to thank the American 
authors. I would be interested to hear 
from Stateside repeater groups with a 
view to discussing mutual problems. 

Rodney V. Smallwood, G8DGR 
11 Wilmot Walk, Wash Common 
Newbury, Berks, England 
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npn transistor 
switching for 
electronic keyers 

Many amateurs own solid-state keyers 
which use a pnp transistor switch to key a 
transmitter's grid-block keying circuit. 
Such keyers can easily be adapted for use 
with solid-state transmitters which re¬ 
quire a switching positive voltage above 
ground to negative ground. There are 
several ways to do this. First, a relay can 
be inserted between the keyer and the 
transmitter. Although this method is gen¬ 
erally used, the noise of the relay is often 
found objectionable. Then, too, a relay 
takes quite a bit of power; this is an 
important consideration when a keyer is 
battery-operated. 

Second, the pnp transistor in the keyer 
can be used to do the switching by 
reversing the leads to the transmitter key 
jack, but this necessitates separation of 
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fig. 1. Circuit for keying low positive voltages 
to negative ground using keyer with pnp switch¬ 
ing transistor. Battery is a single penlight call; 
capacitors are disc ceramics; resistors are Vz 
watt; Q1 is a Motorola 2N3904 or similar npn 
transistor. 


tebook 

keyer chassis ground from transmitter 
chassis ground, a practice not to be 
recommended. Third, an npn transistor 
switch can be inserted between the keyer 
and the transmitter. The keyer would be 
plugged into the npn switch built into a 
small Minibox and the latter plugged into 
the key jack of the transmitter. The 
keyer, the npn switch and the transmitter 
would all have a common chassis ground 
but different electrical grounds. This 
method is highly recommended. The little 
device is inexpensive to construct and can 
be put together in very little time. The 
schematic and parts list are given in fig. 1. 

Those amateurs who have keyers with 
npn switches but would like to use 
solid-state switching instead of a relay to 
control grid-block keying circuits in their 
transmitters can also use this conversion 
method. Only two changes in the device 
described here are necessary to adapt it 
for that purpose. The polarity of the 
battery must be reversed and the npn 
switching transistor in the adaptor must 
be replaced by a Fairchild 2N4888 or 
similar pnp transistor. 

C. Edward Galbreath, W3QBO 

cleaning files 

If you do much work with aluminum 
you will find that your files and cutting 
tools rapidly plug up with aluminum 
filings. These filings are usually quite 
difficult to remove, especially from the 
finer toothed files. Don't throw these 
plugged files out, you can make them 
look like new again with this simple 
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method. Just soak the files in a solution 
of warm water and common household 
lye. The lye will dissolve the aluminum 
particles and the hydrogen bubbles re¬ 
leased by this reaction will help to dis¬ 
lodge any metal particles that may also be 
plugging the file. When, working with lye 
it is wise to wear rubber gloves and avoid 
spilling or dripping the solution on any 
surface that you don't want harmed. 

Pete Walton 


build 5/8-wavelength 
144-MHz antennas 
from CB mobile whips 

The popularity of 3-dB gain mobile 
antennas for two-meter fm communica¬ 
tions has very little to do with their steep 
cost. The following is an easy method for 
converting inexpensive CB whips to 
5/8-wave antennas that are identical to 
commercial gain antennas. In many cases 
27-MHz CB whips may be obtained at 
half the cost or free, depending on your 
sources of supply. 

Before you run over to your local CB 
supplier, or patronize the want ads, be 
sure that you can identify the proper 
type of whip for this conversion. These 
whips appear to be identical to commer¬ 
cial vhf whips (148-158 MHz), the dif¬ 
ference being in the hidden resonator 
within the epoxy sleeve antenna base. CB 
whips should dip to around 27 MHz on a 
grid-dip meter. 


fig. 2. Modifying a 
CB mobile whip to 
5/8-waveiength 
whip for two-meter 
fm. No. 12 wire is 
used for the wind¬ 
ing. Connection at 
top of winding is on 
other side (point 
marked with 
asterisk). 



Some epoxy sleeves may be pried 
loose from the antenna with the aid of a 
sharp screwdriver. Others may have to be 
unscrewed by gripping the chrome fit¬ 
tings at both ends with two pairs of 
pliers. Removing the core should be easily 
accomplished by friendly persuasion from 
a hammer and soft wood rod. Getting 
past the ring of sealer may require some 
additional effort and patience (five min¬ 
utes). 

Winding the new coil may require five 
minutes or so of your time. The diameter 
of the coil forms may vary slightly among 
manufacturers, but present no problem. 
Just make sure that your tap remains at 
three turns above the ground end. The 
only compensation which may be neces¬ 
sary is extending or shortening the radi¬ 
ating element by a few inches. Two 


table 1. Typical dimensions of CB mobile 

(see fig. 2 ). 

whips 


A 

B 

c 

D 

E 

whip 1 2 ” 

6 V 2 turns 
(IV 2 ”) 

3 turns 
(W f ) 

44” 

5/8* 

whip 2 lVa” 

71/2 turns 

U") 

3 turns 

44” 

1/2' 


specific examples of typical whips are 
shown in table 1 to eliminate any guess¬ 
work. 

Most commercial whips are universal 
as far as roof mounts, hardware and 
threading are concerned. Manufacturers 
make available individual components 
which are contained within the antennas. 
By simply screwing together some of this 
hardware, your modified equipment can 
be made to accommodate your existing 
equipment. 

Also, you don't have to limit yourself 
to available commercial whips. The coil 
winding data is applicable to plexiglass 
rods, and readily available coaxial con¬ 
nectors for the homebrewer. You'll find, 
as I did, that none of the specifications 
are critical. 

There is no noticeable difference be¬ 
tween my commercial whip and the 
modified antenna. Both exhibit signifi¬ 
cant advantage over quarter wave whips. 
The swr is 1.05:1. 

Robert Harris, WB4WSU 
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digital in-line 
rf wattmeter 



The new Bird 4371 Thruline® Direc¬ 
tional High-Power Wattmeter is the first 
digital insertion instrument for measuring 
forward or reflected CW power in coaxial 
transmission lines. It accurately measures 
power flow under any load condition 
from 25 to 520 MHz and from 1—1000 
watts in six ranges. Insertion vswr in 
50-ohm systems is a low 1.1 and accuracy 
is ±5% of full scale. Model 4371 is also 
the first high-power directional wattmeter 
which the user can calibrate in the field 
to known rf power standards, eliminating 
weeks of transit for periodic certifica¬ 
tions. 

The new multi-range digital Thruline® 
Wattmeter measures CW, a-m, fm and ssb 
signals. No plug-in elements are needed 
since all variable measurement 
parameters—frequency range, forward/ 


reflected power and full scale values-are 
push-button selectable on the front panel. 
The readout unit and the line-section may 
be separated by as much as 5 feet for 
operational convenience. The six power 
ranges feature 25% over-ranging and high 
directivity. Bird Quick-Change QC Con¬ 
nectors, which mate with male or female 
N, BNC, UHF, and others add to the 
unequalled flexibility of the new RF 
Wattmeter. 

Available from Bird Electronic 
Corporation, 30303 Aurora Road, Cleve¬ 
land (Solon), Ohio 44139. For more 
information, use check-off on page 94. 

RTTY handbook 

The new Teleprinter Handbook pub¬ 
lished by the RSGB and available from 
HR Books is one of the most complete 
books ever published on the subject. 
Under preparation by G3LLZ and 
G3NTT for more than three years, this 
welcome handbook fills a long-standing 
need of RTTY operators. The Teleprinter 
Handbook covers all aspects of RTTY 
communications, including complete 
mechanical, operating and lubrication 
data on machines made by Teletype 
Corporation, Creed and Siemens as well 
as the surplus TT4 and TG7-A. Informa¬ 
tion is also included on teleprinters, 
perforators, reperforators, signal gener¬ 
ators and distortion measuring sets. 

The chapter on terminal units includes 
complete construction information for 
several popular RTTY demodulators in¬ 
cluding the W6FFC's Mainline ST-5 and 
ST-6 and TT/L-2. Several commercial 
units are also described including the 
popular AN/URA-8B. This chapter also 
has some good practical information on 
diversity reception, regenerative re¬ 
peaters, phase-locked loops and frequen¬ 
cy-shift keying. The auxiliary equipment 
chapter covers such diverse subjects as 
polar relays, mercury-wetted relays, and 
electronic and mechanical speed controls. 
The section on polar relays provides 
complete operation, maintenance and ap¬ 
plications information for a large variety 
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(new AND DIFFERENT!!] 



The all new T doc manual for electronics 
experimenters and hobbyists- 

More than two years in the m.ikincj, 7 doc has 
gathered the most practical and usable data 
from industry, the U. 5. patent Office, DOD, 
NASA, NTIS (National Technical Information 
Service) and others, jam-packed with all the 
data needed by the hobby exportmenter at the 
bench. Prom theory refresher to applications 
diagrams, device character1stics, tables and 
formulas, charts and graphs — hundreds upon 
hundreds of illustrations. 

A High-Density Modular Document 

No wasted space or words. Separate sections 
are removable in loose-leaf fashion — books 
within a book -- mounted in a rugged binder, 
big enough to hold other T doc publications 
— or your own notes. 

Just by way of example, the section on hand 
soldering was boiled-down from the practices 
of the American Welding Society — Committee 
on Soldering and Brazings NASA, USN, solder 
manufacturers, the Bell Telephone System and 
others. The section contains everything you 
need to know about solder, fluxes, soldering 
tools and techniques. 

There are over 100,000 words covering theory 
and application of semiconductor devices 
diodes, transistors, the SCR/TRIAC, digital 
and linear integrated circuits, operational 
amplifiers, voltage regulators, counters and 
decoders, and much, much more. 

Sections also treat the vacuum tube? and CRT, 
capacitors and electrostatic devices, relays 
and switches, electromechanical devices and 
mechanical movements, energy sources, cable 

and wire, 


of currently-available polar relays in¬ 
cluding the Western Electric 215A and 
255A. 

The chapter on keying discusses FSK 
and AFSK techniques and includes cir¬ 
cuits for several keying units, both com¬ 
mercial and amateur built. Various filter 
circuits are discussed in detail, with de¬ 
sign and construciton information for 
both passive and active types. The test 
equipment section provides information 
on various RTTY measurements, and the 
control systems chapter tells you how to 
set up your own RTTY station. The 
Teleprinter Handbook also covers RTTY 
operating procedures and contests. 

One of the most useful sections in the 
Teleprinter Handbook is the glossary of 
commercial equipment, which provides a 
short rundown on practically every unit 
of available RTTY equipment. The ap¬ 
pendix provides much practical data in¬ 
cluding complete design information for 
simple LC filters based on 88-mH toroids, 
gear speed identification and teleprinter 
compatibility. 

This book is probably the best tele¬ 
printer handbook ever published, and 
combines a lot of hard-to-find RTTY 
information all in one place. Highly 
recommended for RTTY enthusiasts. 
Hard cover, 13 chapters plus appendix 
and index, 324 pages, $14.95 from HR 
Books, Greenville, New Hampshire 
03048. 

432-MHz hybrid 
rf amplifiers 



Designed for complete rf amplifier or 
driver applications in uhf land mobile 
communications systems, two new rf 


Update Without Annual Replacement 

No need to buy a whole new book every year 
to keep abreast of information in the field; 
the "book within a book" style permits you 
to update only as needed. 

There has never boon another manual like it. 
That’s why we undertook to put it together1 I 
Once you have had a chance to put the? manual 
to use, you’ll start enjoying electronics as 
a hobby, with fewer unfinished projects that 
could have been completed had there not been 
an information gap! 

Electronics Bench Manual 

Introductory Price: 95 

Send check or money order marked 
“EBM” with your name and address 
to: 

TECHNICAL DOCUMENTATION 
BOX 340 

CENTREVILLE, VA 22020 

703-830-2535 

m Virginia residents please add 4 % sales tax.a^ 
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Over 210,000 QTH’s 
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Over 285,000 QTH’s 
in the U.S. edition 
U.S. CALLBOOK for 1974 

$9.95 
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for postage and handling) 
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amplifier modules introduced by Moto¬ 
rola offer more than 18 dB power gain at 
432 MHz. Designated the MHW709, 
(7.5-watt) and the MHW710 (13.0-watt) 
uhf power modules, these are complete 
amplifier units capable of covering the 
400 to 470 MHz frequency range. 

Both units operate from a 12.5-volt dc 
supply which is common in most mobile 
applications. The MHW 709 delivers 7.5- 
watts output with a driving power of 
approximately 100-mW for a power gain 
of 18.8 dB. A full 13.0-watts can be 
produced by the MHW710 with only 
150-mW of driving power; this represents 
a 19.4-dB power gain. The frequency 
range is covered in two bands with the 
units designated MHW709-1 and 
MHW710-1 for 400 to 440 MHz, and 
MHW709-2 and MHW710-2 to cover the 
440 to 470 MHz range. 

Harmonic suppression is at least -40 
dB down across the frequency range with 
all spurious outputs more than 70-dB 
below the desired signal. Input impedance 
is 50 ohms for both modules, and opera¬ 
tion with a 20:1 load mismatch produces 
no damage to the unit. 

For more information contact the 
Technical Information Center, Motorola 
Inc., Semiconductor Products Division, 
P.O. Box 20924, Phoenix, Arizona 85036, 
or use check-off on page 94. 


450-MHz preamp 



Topeka FM Engineering has intro¬ 
duced a new 450-MHz preamp that 
features a dual-gate mosfet in the front 
end. The mosfet provides superior cross¬ 
modulation performance and reduced 
spurious responses. The new preamp, the 
model 450M, is built on low-loss epoxy 


70 m june 1974 


More Details? CHECK-OFF Page 94 






circuit board, and has a voltage gain of 
approximately 15 dB with a typical noise 
figure of 4.5 dB. The circuit board is 
silver plated for maximum efficiency, and 
is shielded on both sides for maximum 
isolation of the input and output circuits. 

The 450M preamplifier is designed to 
operate from 10 to 15 volts dc, but may 
be used with higher supply voltages when 
the accessory HF450PK adapter is used. 
Similar preamplifiers are available for 406 
to 470 MHz. The preamplifier is priced at 
$29.95, complete with instructions and 
mounting hardware. The HF450PK 
power supply adapter is $1.25. For more 
information, write to Topeka FM Engi¬ 
neering, 1313 East 18th Terrace, Topeka, 
Kansas 66607, or use check-off on page 
94. 

hard-to-find electronic 
components 

Radio Shack has added more than 
2,000 hard-to-find electronics items to its 
parts and test equipment line with a 
special "Qwick-Fill" electronic parts cata¬ 
log. The 52-page Radio Shack Electronic 
Parts Catalog is available on request from 
any Radio Shack store. It includes a 
variety of special-purpose tubes, transis¬ 
tors, readouts, PC and 1C equipment, 
relays, resistors, capacitors, potentio¬ 
meters, transformers, sophisticated test 
instruments, connectors, power supplies 
and other items previously unavailable 
from Radio Shack or other electronics 
stores in most localities. 

Through a special arrangement with 
Allied Electronics, Radio Shack's sister 
company, orders may be placed at any of 
more than 1800 participating Radio 
Shack stores. Allied Electronics is known 
as one of the nation's leading electronic 
parts suppliers for business, industry and 
scientific users. There is no minimum 
order requirement and only a $1.00 
shipping and handling charge. Orders are 
delivered to the Radio Shack store for 
pickup by the customer. For more in¬ 
formation use check-o ff on page 94. 

More Details? CHECK-OFF Page 94 
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a second look 



Widespread rumors that restructuring of 
the amateur service was being studied by 
the FCC were confirmed on May 10th at 
a joint meeting between FCC officials and 
ARRL Directors and officers.* In as 
much as the specific details of the pro¬ 
posed restructuring are still being studied 
by the FCC staff, and must be presented 
to the Commissioners before a formal 
proposal can be issued, the discussion was 
only in very general terms. 

The goal of the proposed plan is 
apparently to both broaden and upgrade 
the amateur service, encouraging poten¬ 
tial amateurs to join the ranks while at 
the same time encouraging individual 
amateurs to improve their operating and 
technical skills. This means that there will 
probably be more classes of amateur 
licenses in the future, including a no-code 
version to stimulate newcomers, as well as 
extensive modifications to the amateur 
licenses themselves. 

The proposed restructuring was only 
one of several topics discussed at the 
lengthy, all-day meeting. Also included 
on the agenda was a discussion of the 
World Administrative Radio Conference 
scheduled for 1979, and the formation of 
a National Amateur Radio Advisory 
Committee. Since other radio services 
already have such advisory committees, 
and have for some time, the idea is new 
only as it applies to amateur radio. 
Pending approval by the Commission, 
the first meeting could take place as early 
as September. 

The proposed Committee, which 
would give the amateur community a 
much-needed opportunity to work more 
closely with the Commission, would be 

*A complete report on this meeting is available 
from ham radio and will be sent upon receipt of 
a self-addressed, stamped envelope. 


chaired by an FCC official and would 
consist of 12 to 15 appointed members. 
The members, selected to represent vari¬ 
ous segments of amateur radio, would 
meet periodically to advise or make re¬ 
commendations to the FCC. 

With the specter of a World Adminis¬ 
trative Radio Conference looming on the 
horizon only five years from now, this 
Advisory Committee could be particular¬ 
ly important. A Spectrum Planning Sub¬ 
committee Working Group on the 
Amateur Services (designated SPS WG/A, 
for short) has been meeting in Washing¬ 
ton since early this year, and they have 
proposed adding 200 kHz to the 40-meter 
band, 150 kHz on 20 and 50 kHz on 15. 
They have also proposed new amateur 
bands at 10.1 - 10.6 MHz, 18.1 - 18.6 
MHz and 24.0 - 24.5 MHz. With commu¬ 
nications satellites assuming more and 
more of the burden of long-distance 
commercial and government traffic, these 
enlarged high-frequency amateur alloca¬ 
tions are a distinct possibility. 

However, at the 1979 conference the 
United States will have only one vote, as 
will each of the smaller, emerging nations, 
so it will take a lot of work to muster the 
necessary support to make even part of 
this become reality. Also, any pressure 
that satellites relieve on our high- 
frequency allocations will probably be 
forcefully reasserted on our vhf and uhf 
bands. French amateurs have already lost 
the exclusive use of 144-146 MHz (which 
must now be shared with the military), 
and other nations are known to be eyeing 
the vhf amateur bands. To meet these 
challenges, and be successful, will require 
a great deal of preparation — preparation 
that must begin now. 

Jim Fisk, W1DTY 

editor-in-chief 
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Sin ce the publication of several simple 
solid-state 2304-MHz converters in the 
amateur radio magazines, 1 - 2 . 3 interest ir 
the 2300-MHz amateur band has growr 
by leaps and bounds. Recent solid-state 
devices include bipolar transistors which 
work effectively at S-band (1550-400C 
MHz). It is now possible for the amateur 
uhf enthusiast to build a 2304-MHz pre¬ 
amplifier using any one of a number of 
available devices. The virtues of adding a 
preamplifier ahead of the mixer are well 
known and will not be repeated here. 

Most 2300-MHz preamplifiers which 
have been described in recent years fea¬ 
ture the well known broadband strip-line 
circuit. 5 It is also possible to use these 
transistors in narrow-band circuits which 
include input and output tuned circuits 
of the kind normally associated with the 
lower-frequency bands. One can present a 
good case for choosing the narrow-band 
approach where strong signals from near¬ 
by TV or fm stations cause receiver 
desensitization. 
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The narrow-band 2304-MHz pre¬ 
amplifier described here has excellent 
frequency selectivity because it uses cav¬ 
ity resonators at both the input and 
output. It provides 6- to 9-dB of gain and 
exhibits a noise figure between 2.5 and 
4.5 dB, depending on the particular tran¬ 
sistor. Four of these 2304-MHz pre¬ 
amplifiers have been built, each using a 
different type of transistor, including the 
Fairchild MT-2500 and MT-4500,* and 
the Hewlett-Packard HP-35821 E and 
HP-35862E. The Nippon Electric V912 
also works well in the narrow-band 
circuit. The performance of these devices 
is compared in table 1. When compared 
to a parametric amplifier, these devices 
give a good accounting of themselves. 

preamp design 

The electrical design of each amplifier 
was based on the published scattering 
parameters of the bipolar transistor used 
in the circuit. 6 - 7 - 8 Fixed values of com¬ 
plementary input and output reactances 
were used to achieve the desired impe¬ 


Top view of the 2304-MHz preamp using a 
Fairchild MT-2500 transistor. For more 
details see fig. 1. 



dance matching. It is not necessary for 
you to become involved with these 
details, so long as the circuit presented 
here is faithfully copied. This is partic¬ 
ularly important in view of the fragile 
nature of these microwave transistors— 
they are not very forgiving when circuit 
changes are attempted. 

construction 

The photograph shows the completed 
amplifier. It is built in a silver-plated brass 
box 7/8-inch (22-mm) high, 1-3/4-inch 
(44-mm) wide and 1-3/4-inch (44-mm) 
deep. Details of the construction are 
shown in the mechanical drawing, figs. 3 
and 4. The bottom of the box is sanded 
flat after fabrication so that the cover will 
make good electrical contact all around. 
Before the transistor is mounted in the 
enclosure its emitter lead (or leads) are 
soldered to a brass plate; then the plate 
is screwed to the partition so that the 
base and collector leads project into 
their respective cavities. These leads in 
turn are soldered to small Teflon stand¬ 
off insulators to prevent the leads from 
being damaged when working down in¬ 
side the close quarters of the box with 
the soldering iron. 

The Fairchild MT-2500 used in the 
preamplifier shown in the photographs is 
a stripline-type device with three leads 
(see fig. 1). The Tl-line package, also used 
in an otherwise identical amplifier, has a 
pair of emitter leads diagonally opposite 
one another which allow somewhat better 
mechanical attachment. 

Type BNC connectors (UG-290A/U) 
are used for the rf input and output 
connectors. The input is tightly coupled 
to achieve a low noise figure while the 
output coupling is adjusted for maximum 
gain. 

The center cavity conductors are made 

'Although both the MT-2500 and MT-4500 
have been discontinued by Fairchild Semicon¬ 
ductor, often these devices can still be obtained. 
A somewhat similar, although improved, device 
in a small 100-mil-square package that should 
work in the same narrow-band 2304-MHz cir¬ 
cuit is the currently available Fairchild FTM- 
4005. Editor 
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of %-inch (6-mm) OD brass tubing, 
1-1/8-inch (29-mm) long, with 10-32 
threads on the inside. Tuning is accom¬ 
plished by running 1-inch (25-mm) long 
10-32 brass screws in and out of the open 
end of the center conductors with a 
screwdriver. Each screw is slotted on one 
end for this purpose. The open ends of 
the center-conductor tubing are slotted 
with a fine hacksaw blade and then 
pinched together slightly like a collet so 
the tuning screws fit tightly. 

The base lead of the MT-2500 (or 
MT-4500) transistor is coupled to the 
input cavity by means of a brass strip 
mounted parallel to the center conductor, 
one end of which is soldered to the base. 
This circuit resonates at approximately 
2304 MHz. For the HP-35821 E, a very 
small 5-pF dipped-mica capacitor is used 
instead, soldered between the base lead 
and the midpoint of the center conductor 
(see fig. 2). In both designs tuning of the 
input cavity is rather broad. 

The dc return from the transistor base 
is through a 1/8-watt, 1000-ohm resistor 


table 1. Typical performance, at 2000 MH 2 , of 
microwave transistors suitable for use in the 
narrow-band 2304-MHz preamplifier. Note that 
recommended collector current for minimum noise 
figure does not coincide with maximum gain, or 
vice versa. 


transistor collector noise 


type 

current 

figure 

gain 

price 

MT-2500 

2 mA 

4.3 dB 

6.5 dB 

NA 

MT-2500 

3 mA 

4.7 dB 

7,2 dB 

NA 

MT-2500 

6 mA 

5.5 dB 

7.7 dB 

NA 

MT-4500 

3 mA 

5.4 dB 

— 

NA 

MT-4500 

5 mA 

5.5 dB 

7.5 dB 

NA 

MT-4500 

9 mA 

6.0 dB 

8.3 dB 

NA 

FMT-4215 

5 mA 

4.2 dB 

10.0 dB 

$17.50 

FMT-4575 

5 mA 

2.5 dB 

12.0 dB 

$44.00 

FMT-4005 

3 mA 

2.0 dB 

12.0 dB 

$70.00 

FMT-4005 

5 mA 

2.2 dB 

13.0 dB 

$70.00 

H-P 35821E 

3 mA 

4.2 dB 

6.5 dB 

$20.00 

H-P 35862E 

5 mA 

3.3 dB 

11.0 dB 

$55.00 

NEC V912 

3 mA 

3.5 dB 

9.0 dB 

$25.00 

NEC V912 

10 mA 

4.0 dB 

11.0 dB 

$25.00 


to a 470-pF Allen Bradley FA-5C 471W 
feedthrough capacitor. The pigtail of the 
1/8-watt resistor is wound into an rf 
choke of two or three turns before it is 
soldered to the base. This also provides 
strain relief to the transistor. 



circuit can be used with the Fairchild MT-4500 or FMT-4005. The 470-pF feedthrough capacitors 
are Allen Bradley type FA-5C 471W. RFC1 is 3 turns, RFC2 is 5 turns, both no. 26 enamelled wire, 
airwound using a no. 52 drill as a mandrel (0.0635” or 1.6-mm diameter). Coupling strips on base 
and collector of transistor are 0.010” (0.25-mm) brass shim stock. 
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The 2304-MHz preamps are built into small 
1-3/4” square chassis made from 0.020” thick 
brass. Full-size sheet-metal layout is shown in 
fig. 3. 

The collector lead of the Fairchild 
MT-2500 is coupled to the output cavity 
by means of a 0.010-inch (0.25-mm) 


brass strip which is parallel to the center 
conductor. One end of the strip is 
soldered to the collector and resonates at 
a frequency lower than 2304 MHz. The 
dc return is through an rf choke and 
another Allen Bradley 470-pF feed¬ 
through capacitor. The HP-35821 E pre¬ 
amplifier works better with a tiny loop 
coupled to the center conductor as shown 
in fig. 2. 

The 2304-MHz amplifier is fitted with 
four 6-32 spade screws mounted on the 
bottom of the enclosure for attaching a 
bottom cover. As an alternative the pre¬ 
amplifier can be mounted on the top of a 
flat surface such as an aluminum chassis 
with the use of the spade screws. 

tuneup 

Before connecting the preamplifier to 
the 12-volt supply, tack-solder a 10k 
potentiometer across the 1000-ohm resis¬ 
tor, R1. Set the potentiometer resistance 
to zero (shorted out). Monitor the supply 
current with a 0-10 mA meter in series 
with the 12-volt supply. Initially, the 
meter should register about a half milli- 
ampere. Now, slowly increase the poten¬ 
tiometer resistance (current reading 




INPUT-OUTPUT 
COUPLING LOOP. LI. L3 


OUTPUT 



COLLECTOR LOOP . 12 


fig. 2. Narrow-band 2304-MHz preamplifier design for the HP-35821 E and HP-35862E using 
coupling loops. The 470-pF feedthrough capacitors are Allen Bradley type FA-5C 471W. RFC1 is 2 
turns of resistor lead, airwound using a no. 52 drill as a mandrel (0.0635” or 1.6-mm diameter). All 
cavity dimensions are as in fig. 1. 
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fig. 3. Layout for the enclosure for the 2304-MHz preamplifier. Material is 0.020-inch (0,5-mm) 
brass or copper, bent along dotted lines. Use a small torch for small solder fillets along all seams. 
Holes for the spade lugs are not shown (see text). 


should increase). If the current exceeds 4 potentiometer full on, disconnect the 

mA before the 10k potentiometer is supply and remove the potentiometer, 

full-on, back off the current to 4 mA. Also remove the 1000-ohm resistor and 

Disconnect the 12-volt supply and the substitute the 10k potentiometer in its 

potentiometer (in that order) and place. Starting with the potentiometer 

measure the resistance of the potentio- shorted out, reconnect the 12-volt supply 

meter. Solder a fixed resistor of approx- and slowly increase potentiometer resis- 

imately the same value in shunt with the tance until the meter indicates 4.0 mA. 

1000-ohm resistor. Disconnect the supply and the potentio- 

On the other hand, if the current meter, and permanently solder in a fixed 

reading does not reach 4 mA with the resistor with a value as close as possible to 
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Q PARTITION O TRANSISTOR PLATE 

fig. 4. Layout of the center partition and transistor mounting plate. The two pieces are 
sandwiched together with 2-56 machine screws as shown in the photographs. Material is 0.020" 
(0.5-mm) brass or copper. 


the measured value. Now the preamplifier 
is ready to go. 

At this point there is no substitute for 
a signal source. With the preamplifier 
connected to the mixer, adjust both 
tuning screws for maximum received 
signal. Adjust the spacing between the 
collector strip from the center conductor 
(fig. 1) or adjust the collector coupling 




fig. 5. Mounting the transistor on the 
transistor-mounting plate. After the transistor is 
installed the mounting plate is attached to the 
center partition (see fig. 4). 


loop for maximum gain (fig. 2). Check 
the signal-to-noise ratio with and without 
the preamplifier—you should be pleasantly 
surprised. 
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I improving 

the R390A 

product detector 


Most improvements in ham gear construc¬ 
tion or design are built on a foundation 
of work done by others. The modification 
of the military surplus R390A receiver 
described here owes a lot to articles 1 - 2 by 
Captain Paul H. Lee, W3JHR. Some 
comments by Harry Hyder, W7IV, were 
also helpful. 

Captain Lee's conversion of the 
R390A to a product detector was tried, 
and worked satisfactorily except for two 
details. One of these was a regenerative 
effect that occurred at the frequency of 
the bfo, resulting in a peak in the audio 
response. The other was the loss of the 
noise limiter for the ssb and CW modes. 

Disconnecting the shielded wiring sug¬ 
gested in that conversion and using short 
direct leads under the chassis to trans¬ 
fer the audio from the a-m detector 
to the product detector removed the 
regenerative effect. Restoration of the 
noise limiter action was not so easy. 

When using the noise limiter with the 
a-m detector a negative bias voltage 
appears across the combination of R526 
and R527 in series and thus, across R120, 
the limiter control. This voltage results, 
of course, from signal rectification 
through the a-m detector, V506B. 
Captain Lee's circuit omits the limiter 
entirely in the ssb/CW position as signals 
will not pass this stage without some 
negative bias on the cathodes of V507. A 
check of the similar noise limiter circuit 
in the Collins 75A4 receiver shows such a 
voltage switched into the limiter control 
circuit from the receiver bias supply. 
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Trying to operate both a-m and pro¬ 
duct detectors simultaneously without 
switching outputs did not work out. The 
product detector bfo is switched on and 
off from the front panel, but the a-m 
detector is not so easily disabled. Exam¬ 
ination of the a-m detector circuit 
showed an i-f filter in the transformer 
T503 lead to R526 and R527. Part of this 
filter was a 12-mH rf choke. If one end of 
this choke could be switched from the 
a-m detector to the product detector it 
would provide the desired audio transfer, 
and by introducing a bias voltage in 
parallel with the product detector signal, 
the noise limiter problem would be 
solved. 

circuit modification 

To control a circuit at a distance, I 
think of relays. In the R390A, 225 volts 
is switched on and off from the front 
panel by the bfo on-off switch, and this 
switched voltage appears at a tie point 
near the socket for the bfo. Checking a 
junk-box relay with a lOk-ohm coil, it 
was found that a 51k resistor in series 
with the coil would provide reliable 
operation at sufficiently low current 
drain to avoid overloading the 225-volt 
supply. 

A negative dc supply for limiter bias in 
the ssb/CW position was provided easily 
by rectifying the 25.2 volts ac found on 
the current-regulator ballast tube adjacent 
to the bfo socket. The last problem had 
been solved, and here's the step-by-step 
procedure by which the complete conver- 
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sion was done. Tech Manual TM 11-856A 
is almost a positive must! 

1. Remove power plug P112 from the i-f 
chassis along with the three rf plugs P114, 
P213 and P218. Disconnect the selectiv¬ 
ity and bfo tuning shafts, loosen the 
mounting screws and remove the i-f 
chassis from the receiver. 

2. Loosen the set screws on the flexible- 
bellows shaft coupler to the bfo 
transformer, remove the front shaft and 
bearing and remove the shaft coupler. 
Socket XV505 is now more accessible. 

3. Between sockets XV502 and XV506 
are three tie points in a triangle. The two 


This requires a 5/8-inch (16-mm) hole for 
the socket and two number-33 holes for 
mounting bolts. On the chassis below 
XV503 there should be a dual ground lug 
holding leads from capacitors C528, 0.1 
juF, and C529, 0.033 (J.F. Remove the nut 
holding this ground lug and mount the tie 
point saved from step 3 above. 

5. Clear socket terminal 2 of XV505 of 
all leads. If other leads go to pin 2 for 
grounding, re-route them to other ground 
points. 

6. Change the cathode tap from the bfo 
can from pin 7 to pin 2 of XV505. This is 
lead number 2 on the bfo can. 



nearest socket XV502 will not be 
disturbed. Unsolder resistor R518, 100 
ohms, and the connecting wire from the 
third tie point and remove the tie point 
from the chassis. Save it. Connect the 
wire lead back to R518, providing insulat¬ 
ing tubing over the joint, and leaving as 
much slack as possible. Train the resistor 
close to socket XV503 and the wire 
between the two remaining tie points and 
socket XV502. A clear space about 3/4 x 
1 inch (19 x 25 mm) should be left 
between sockets XV502, XV503, XV506 
and the bfo transformer can. 

4. In the cleared space drill suitable holes 
and mount a 7-pin miniature tube socket, 
which we will call XVA, for the relay. 


7. Connect a 11K, 1/2-watt resistor from 
pin 7 to ground. 

8. Remove C535,12 pF, and discard. 

9. Connect 2.7k, 1-watt resistor in paral¬ 
lel with R529, the 33k, 1 /2-watt screen¬ 
dropping resistor. 

10. Connect a 5-pF mica capacitor from 
pin 7 on XV505 to pin 6 on XV506. This 
couples the i-f signal into the product 
detector. 

11. Solder one end of a 510-pF mica 
capacitor to a ground lug near XV505 
and one end of a physically small 0.02/iF 
capacitor to pin terminal 5 of XV505. 
Join the two remaining capacitor ter¬ 
minals and attach a wire lead. The other 
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end of this wire lead connects to pin 4 of 
the new 7 pin socket, XVA. In doing 
these last operations near socket XV505, 
be sure to leave room for the bellows 
shaft coupling so nothing will be shorted 
out when the coupling is reinstalled. 

12. Ground pin 1 on the new socket 
XVA. Connect a 51k, 1-watt resistor 
from pin 7 on this socket to the tie point 
nearest pins 3 and 4 on socket XV505. 
This tie point already has a lead and one 
end of R531, 2200 ohms, 1/2 watt, 
fastened to it. Insulate the leads on the 
51k resistor and dress it next to the 
chassis to facilitate heat transfer. 


regulator tube RT510, and has 25.2 volts 
ac on pins 2 and 3. Install a 1N4004 
diode between pin 2 (cathode end) and 
pin 6, which also has a wire lead attached 
at this time. Use an ohmmeter to check 
that pin six is not connected inside the 
regulator tube, and is merely used as a tie 
point here. Connect the other end of the 
wire lead from pin 6 to the tie point you 
moved and reinstalled in step4 above. 

15. Connect a 30k, 1/2-watt resistor from 
this same tie point to terminal 4 on 
socket XVA, which already has a wire 
lead from the output of the product 
detector. Connect a 1000- to 1500-/xF, 



fig. 2. The R390A a-m detector and noise limiter circuits showing changes necessary to use the noise 
limiter with the product detector. 


13. At the front of the chassis, between 
the bfo tune and the selectivity switch 
shafts, there is a molded 12-mH rf choke 
mounted on a spade bolt. One terminal of 
this rf choke connects to terminal 1 of 
transformer T503, which also has a capa¬ 
citor C530, 150 pF, to ground. Dis¬ 
connect the rf choke from the trans¬ 
former, and run a wire lead from the rf 
choke to pin 6 of socket XVA. From pin 
5 of XVA, run a lead to terminal 1 of 
T503. 

14. Socket XRT510 is located in the 
corner of the chassis below the bfo tuning 
shaft. This is the socket for current 


50-volt electrolytic capacitor from chassis 
ground (positive terminal) to the tie point 
just used for the wire lead from the 
diode. I found a lug under the spade bolt 
holding the 12-mH rf choke worked out 
fine for the positive (grounded) terminal. 

16. Replace V505, a 6BA6, with a 6BE6. 
The new socket XVA is for a 7-pin 
plug-in relay with a lOk-ohm coil. The 
present Potter and Brumfield number for 
this unit is PW5LS, I believe, although 
SM5LS and XSM-1135-2 seem to be the 
same. About 35 volts of the 225-volt dc 
supply will appear across this relay coil 
when the bfo is turned on, switching the 


14 SB july 1974 


O Q 






audio input to the noise limiter from the 
a-m detector to the product detector. The 
output of the product detector is across 
the 30k resistor connected between pin 4 
of socket XV A and the negative end of 
the electrolytic capacitor. About 20 volts 
dc will appear across this resistor. Audio 
output level should be just about equal 
for either detector system. 

17. To provide a positive cutoff of audio 
feeding through the noise limiter tube, 
V507, when the limiter control, R120, is 
advanced, it is necessary to supply a small 
positive voltage to the normally grounded 
end of R120. To do this a small voltage 
divider must be installed, and it will help 
if the front panel is partially removed, or 
at least pulled forward a couple of inches 
on the tuning and bandswitching shafts. 
See instructions for panel removal in the 
Tech Manual. This is to provide access to 
the back of the function switch, SI02, 
and to R120, the limiter control. 

18. Remove the ground lead from the 
grounded end of R120 and the switch on 
the back of R120. Replace the lead with 
a 1.2k, 1/2-watt resistor. From the same 
terminal on R120 connect one end of a 
100k, 1/2-watt resistor. The other end of 
this resistor must connect, either by its 
own lead or an extension wire, to the 
terminal on S102, the function switch, 
which turns on 225 volts dc when this 
switch is in age, mge or cat positions. This 
switch terminal is just below the ac line 
switch, a microswitch type with heavy 
terminals and two white and orange wires 
considerably larger in diameter than any¬ 
thing else nearby. A check with a volt¬ 
meter should confirm that you have 
found the right terminal. 

check out 

To check to see that things are going 
to work, you can reinstall the bellows 
coupler to the bfo can and the panel shaft 
bearing and shaft so the bfo can be tuned. 
Connect the rf input and output couplers, 
P114, P213 and P218, and plug in the 
power plug, P112. By placing a box or 
other support under the i-f chassis, it will 
be possible to turn it approximately 180 


degrees from its normal operating posi¬ 
tion. This is best done by turning the 
receiver on end, the i-f end down. Now it 
should be possible to reach terminals 
inside the i-f chassis for voltage checks 
while the receiver is working. 

Operating the receiver in this position 
is a bit awkward, especially turning the 
selectivity switch and tuning the bfo, but 
the selectivity positions may be counted 
from the stop at either end of rotation. 
With the receiver operating, rf and audio 
gains turned well up, but with no 
antenna, a considerable hiss should be 
heard. Set the selectivity switch to 1 kHz 
and adjust the bfo tuning for the lowest 
pitched hiss. This should be equivalent to 
setting the bfo to zero on the front panel. 

A check of the voltages on the limiter 
pot should be made with the vom; one 
end should register about 16 to 20 volts 
negative, and the other end about two 
volts positive. With an antenna connected 
and any normal noise level, it should be 
possible to observe the limiting action as 
the limiter control is advanced in a 
clockwise direction. If everything checks 
out ok, shut off the power and put the 
receiver back together. 

summary 

I believe this modification is very 
worthwhile. The product detector action 
is good, the noise limiter is very good on 
CW, and the changes have a neat appear¬ 
ance. The diagrams show the changes in 
the schematic, and the step-by-step con¬ 
version is not difficult to make. One 
warning comment: Make sure your 
limiter pot does not have an open in it. I 
had one that was bad, and it really caused 
me a headache for a while. 

The R390A makes a very good second 
receiver for the shack, is invaluable in the 
shop, and is really well built. If only it 
weren't so heavy! 
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1. Paul H. Lee, W3JHR, "The Single Tube 
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How small can a complete transceiver 
be made and yet retain enough features 
to permit consistently reliable operations 
Dick Tracy notwithstanding, it seems tc 
come down to the size of the front pane 
required to mount the controls for the 
functions desired, and not the space 
required for the electronic circuitry itself 

To verify this point, "Project Shrink' 
was undertaken to construct a complete 
yet consistently useful, transceiver in a; 
small a case as possible using commonly 
available parts. By useful, it is meant that 
the receiver should have a sensitivity or 
the order of a microvolt and the trans 
mitter be in the 2* to 3-watt input class. 
Additionally, a vfo or vxo is considered 
mandatory. 

By eliminating all frills, careful atten 
tion in the PC-board layout phase, anc 
the selection of a multi element 1C, a very 
credibly performing transceiver can be 
constructed using only four solid-state 
devices; however, the characteristics 
shown in table 1 attest to the fact thal 
this is a very useful portable or emer 
gency transceiver. The functional block 
diagram is shown in fig. 1. 
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transmitter 

High-beta transistors were used at both 
Q1 and Q2. The vxo feature was attained 
by placing a miniature variable capacitor 
from a transistor radio in series with the 
crystal, permitting up to about a 4-kHz 
excursion of the crystal frequency, 
depending upon the activity of the 
crystal. A 7-microhenry coil in series with 
the crystal and variable capacitor was 


A simple class-C rf amplifier followed 
by a fixed pi-net low pass filter designed 
for 52 ohms completes the transmitter. 
Transistor Q2 collector current is 170 mA 
at 12.0 volts dc input. A pushbutton key 
is included in a convenient (and operable) 
position on the top of the cabinet. 
Left-handed operators may want to 
reverse the entire layout in mirror-image 
fashion. The key should not be depressed 
during "receive” since no load for Q2 is 


table 1. Operating characteristics of the miniature transceiver. 


F requency 
VXO excursion 

Transmitter output impedance 
Receiver input impedance 
Size 


Weight 

Number of active devices 

Current drain, 52-ohm resistive load: 


7.0—7-3 MHz, vxo controlled 

4 kHz nominal 

52 ohms, unbalanced 

52 ohms, unbalanced 

Vk x 4 j /4 x 2 l M inches, 12 cubic 

inches (3,2 x 10.8 x 5.7 cm, 

197 cc) 

7 ounces (198 grams), including 
key and five crystals 
2 transistors, 2 ICs 


Receive 
T ransmit 
T ransmitter 
input power 


9-volts 
15 mA 
185 mA 

1-35 W 


12-volts 
21 mA 
220 mA 

2.3 W 


15-volts 

28 mA 
240 mA 

3.2 W 


18-volts 

34 mA 
250 mA 

3.9 W 


experimentally determined to offset the 
frequency shift of the oscillator by the 
correct amount when transmitting. This 
allows the transmitter during transmit to 
be zero-beat with the receiver during 
receive, and yet retain the vxo function. 


present; however, Q2 was purposely 
keyed for 10 seconds with no load and no 
damage resulted. It should be noted that 
since the +V CC to Q2 is keyed, any 
external key must be capable of handling 
the full Q2 collector current. 
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C2 

BC variable, 63 pF per section (see 
text). 

L3 

6 turns no. 28 enamelled wound 

around L2 

C5 

J1 ,J2 

3-35 pF trimmer (Arco 403) 

phono jacks (Calectro F2-806) 

L4 

20 turns no. 24 enamelled, center- 
tapped, on Amidon T-50-2 toroid 

core. 

J3 

3.5-mm phone jack, insulate from 
chassis. 

RFC1 

Amidon ferrite bead mounted close 
to base of Q2 

LI 

50 turns no. 32 enamelled on Amidon 

T-37-10 toroid core 

RFC2 

SI 

50-jUH rf choke 

miniature dpdt slide switch 

L2 

38 turns no. 28 enamelled on Amidon 

T-37-10 toroid core 

S2 

Y1 

miniature spst pushbutton switch 

7 MHz crystal 


fig. 2. Schematic diagram of the transmitter used in the miniature transmitter. Transistor Q2 must be 
provided with a heatsink. In some cases a 75-pF silver-mica capacitor may be required from the base 
of Q1 to the emitter to sustain oscillation. 


receiver 

The conventional direct-conversion re¬ 
ceiver of fig. 3 uses an RCA CA3028A 
as the product detector and Q1 as the 
oscillator. Inclusion of L7 on the L6 core 
eliminates the need for the rf choke 
normally found between pins 1 and 5 of 
U1. The entire audio section is contained 
in a single RCA CA3018A linear 1C. The 
audio preamplifier uses one of the two 
Darlington-connected transistors; the 
audio amplifier uses a separate transistor 
on the same 1C chip. Recovered audio is 
more than sufficient to drive high- 
impedance headphones. The 0.5-/iF capa¬ 
citor from the top of the audio gain 
control serves to attenuate some of the 
higher audio frequencies. Although this 
capacitor also reduces the overall audio 
output available, sufficient margin is left 
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to run the audio gain control about 
one-third open for most operations. 

The remaining transistor on the chip 
of U2 is connected in a twin-tee configu¬ 
ration and acts as the sidetone oscillator. 
Power is derived from the keyed +12 
volts to Q2. The tone can be adjusted by 
varying R22. The volume may be more 
than required; if so, decrease the value of 
the sidetone oscillator output coupling 
capacitor C27 until a comfortable level is 
reached. To ensure that the audio preamp 
is firmly "off" during transmission, R8 
upsets the base bias enough to saturate 
the transistor, thus preventing any signal 
other than the sidetone oscillator to be 
introduced into the audio amplifier. 

cabinet layout 

An LMB 101 Minibox (12 cubic inches 





Q 



4 

Ut 


CA3Q28A 



C11 3-35 pF trimmer (Arco 403) 

J4 3.5-mm phone jack 

L5 60 turns no. 28 enamelled on Amidon 

T-50-2 toroid core 

L6 5 turns no. 22 enamelled wound 

around L5 

L7 10 turns no. 22 enamelled wound 

around L5 

R14 miniature 1 Ok pot, audio taper 

T1 miniature transformer, 10k primary, 

2k center-tapped secondary (Calrad 
CR-75 or Calectro Dl-722) 

fig. 3. Schematic diagram of the receiver 
circuit. 


or 197 cc) was selected as about the 
smallest available enclosure which pro¬ 
vides enough panel space for the neces¬ 
sary controls. Elimination of the vxo 
feature would have permitted a smaller 
enclosure, but it was felt that the flexi¬ 


bility provided by the vxo was essential. 
An internal key, a simple pushbutton 
switch, was included on the cabinet top. 
This made upside-down mounting of the 
PC board necessary. The external key 
jack may be eliminated if desired. 



Miniature 7-MHz transceiver is built into small, 
12-cubic-inch LMB 101 Minibox. 


printed-circuit board 

As can be seen from the photographs, 
more than enough space for the board is 
available; component density is fairly 
compact, but not unmanageably so.* The 
layout of components on the board was 
determined after considering the location 
of PC board inputs and outputs which 
give minimum interconnection lengths to 
the panel controls. By using an elevated 

‘Printed-circuit boards for the miniature 7-MHz 
transceiver are available from MFJ Enterprises, 
Post Office Box 494A, Mississippi State, Missis¬ 
sippi 39762 for $3.75, post-paid. 
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heatsink on Q2, it is possible to locate 
some components under the heatsink 
near the body of Q2. Toroid coils are 
mounted vertically to conserve space, and 
held in place with Q-dope after soldering. 
The %-watt resistors are also vertically 
mounted throughout. U1 and U2 are 


wire the PC board and install it. Four 
small bolts serve as corner mounting posts 
with washers and nuts providing the 
appropriate spacing between the board 
and chassis. Dry transfer labels were 
applied and then given a light coating of 
acrylic spray to prevent rubbing off. 



fig. 4. Component layout for the miniature 7-MHz transceiver. Printed circuit is shown in fig. 5. 


mounted in 1C sockets which are press-fit 
into appropriate-sized holes, and held in 
place by epoxy on the underside and the 
component leads soldered to the socket 
pins. Check the value of each of the 
%-watt resistors used with a reliable ohm- 
meter; the tolerances indicated are often 
exceeded. 

construction 

It is helpful to first mount all chassis 
controls. Size and layout of the PC board 
paper template can then be verified 
before actual construction and etching 
of the board. After the board is etched 
and drilled, drill the four corner post¬ 
mounting holes in the chassis top. Then 


Alignment requires only a separate 
7-MHz receiver and a dc milliammeter or 
vom capable of reading 250 mA. With the 
antenna connected and SI in the receive 
position, peak C11 for maximum received 
signal; this completes the receiver align¬ 
ment. 

Connect a 51-ohm, 1-watt resistor to 
J1 and place a milliammeter in series with 
the +12-volt supply to J2. Place SI to 
transmit and depress the key. Adjust C5 
for maximum meter reading and good 
keying characteristics in the monitor 
receiver. Approximately 200 mA should 
be indicated; remember that receiver 
current drain and oscillator current are 
included in the metered current. 


fig. 5. Full-size printed circuit 
board for the 7-MHz trans¬ 
ceiver. Component layout is 
shown in fig. 4. 
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To adjust the frequency offset 
required during transmit, monitor the 
oscillator frequency in the receive posi¬ 
tion and transmitter output frequency 
in the transmit position when keyed. 
Adjust the number of turns on LI to 
make the two coincide. Although 7 /iH 



Component layout for the 7-MHz transceiver. 
In this photograph the transmitter output 
transistor is to the left, the receiver input 
circuit to the right. 


was required in my version to provide the 
necessary 1-kHz offset, this value may 
vary. LI can then be cemented to the rear 
of the crystal socket with Q-dope. 

Reconnect the antenna to J1 and try 
not to appear surprised when you consis¬ 
tently get 569-599 reports from single¬ 
hop contacts. Experience has shown, 
however, that double-hop QSOs from 
2000 to 3000 miles are generally in the 
339-559 range with a well-matched dipole 
up 18 feet (5.5 meters). 
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with this exciting new 
antenna. A one eighth 
wave phasing stub and 
three half waves in 
phase combine to con¬ 
centrate your signal at 
the horizon where it 
can do you the most 
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Conversion of surplus fast-sean (FS) 
closed-circuit TV cameras to slow-scan 
television (sstv) standards has attracted 
many hams to the exciting field of 
picture transmission on the hf bands. 
W9NTP 1 and others have pioneered the 
sampling conversion approach to sstv 
picture generation. W3EFG 2 introduced 
an sstv sampling converter, using discrete 
components, that produces high-quality 
pictures via camera conversion. 

This article presents an sstv converter 
using some of the low-cost, high-per¬ 
formance integrated circuits that have 
become readily available. Also included 
are several FS camera conversion tech¬ 
niques that may be helpful to interested 
experimenters. 

The project began with the following 
objectives: 

1. High-quality sstv pictures with mini¬ 
mum cost. 

2. Use of simple, proven circuits and 
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readily available ICs were feasible and 
advantageous, 

3. Derivation of all timing signals from 
the 60-Hz power line. 

4. Features such as video reversal and 
fractional scan. 

5. Stability with temperature. 

6. Simplified FS camera conversion. 


preliminary steps 

1. After studying the FS camera sche¬ 
matic, locate and identify the various 
circuits in the camera, including polarities 
and absolute levels of signals; this infor¬ 
mation will speed the camera/converter 
interface task. 

2. Using an oscilloscope, determine the 
high and low sides of the vertical deflec- 


CAMERA CONVERTER 



Vi oto to 

S.F MONITOR 


fig, 1. Typical camera-to-converter connections. All leads out of the camera (except video output) 
should be bypassed. Shielded cable will help with RFI reduction. 


camera modifications 

The frame rate of the camera must be 
reduced from 60 to 15 Hz. In order to 
overcome the difficulties in obtaining a 
linear 15-Hz sweep voltage from the 
camera's 60-Hz vertical deflection ampli¬ 
fier, I included a simple deflection ampli¬ 
fier with the converter. This amplifier is 
similar to one used by W3EFG. Also, to 
ensure that the vertical size of the FS 
picture is identical in both the FS and SS 
modes, I decided to switch size controls 
rather than vertical ramp capacitors. This 
method eliminates ramp capacitor selec¬ 
tion for the SS mode. 


tion yoke coils and record the amplitude 
of the 60-Hz ramp at the yoke. 

3. Locate the sync insertion circuit; this 
will usually be a single transistor whose 
base is driven with signals from both the 
vertical and horizontal deflection ampli¬ 
fiers. Generally this transistor will be 
located at or near the output of the video 
amplifier. 

4. Observe and record the polarity and 
level of the vertical sync pulse; this 
information will be helpful in deter¬ 
mining the type of interface {if any) 
required between the converter sync am¬ 
plifier and camera. 
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VCO LOW PASS FILTER 9 

SSTV OUTPUT 


+ IOV 



fig. 2. Converter schematic. Voltages and waveforms are for reference only; see text. 


A typical camera/converter interface is 
shown in fig. 1. Vertical yoke drive and 
vertical sync information is supplied to 
the camera from the converter. A switch 
may be mounted on the camera case to 
select between converter-supplied signals 
or normal camera operation. If the cam¬ 
era will not be used in other non-sstv 


applications, the switch may be omitted 
and direct connections made to the 
camera. 

interface circuits 

The sync amplifier, Q5 and Q6 (fig. 2), 
produces positive and negative sync 
pulses between zero and 10 volts. Many 


24 GO july 1974 






t»k 


3V 


ITL 

90 m3 
1/9 Hz 




Q+5V 


3V 


jL 


a 


7 mS 
13 Hz 


15 Hz 
IRIZONT 

swvc 


a** 

-VW- 

/ jiF 


iH. 



" 

6 

U4 

t f 

V5 

& ! 

US 


74(21 


7492 

T 120 

7490 


4 



~~ ir~ 

_i 10 

V 3 l 6 J I 10 



m 


X 


560 

60 ^ O^Wr 
ro/V£ SIDE 
OF 24V 
XFMR) 



VERTICAL 
SYNC TO 
FS. CAMERA 


cameras use a negative power supply 
voltage. In this case, you may need to 
incorporate one of the interface circuits 
in fig. 3, since quite likely the sync pulses 
in the camera will swing between zero 
volt and some negative potential. As 
mentioned earlier, careful study with an 
oscilloscope before beginning camera 
modification will show you which com¬ 
bination of sync amplifiers in fig. 2 and 
interface circuits in fig. 3 are required. 


As with the W3EFG converter, the 
camera (or yoke assembly) is rotated 90 
degrees to lie on its left side so that the 
top of the picture will be at the viewer's 
right side on the FS monitor. 

camera power supply 

The camera's primary power is sup 
plied from a connector on the converter. 
This connector is wired so that the 
camera cannot be operated without the 
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converter turned on and the deflection 
amplifier active. Connections in this man¬ 
ner help prevent serious vidicon target 
burn resulting from loss of scan. 

Stray magnetic fields may occur from 
a camera-mounted power supply. These 
fields can cause distortion on the FS 
picture, which appears as wavy kinks or 
vertical bars on the sstv picture. Quite 
possibly mu-metal shielding around the 
power transformer and/or vidicon, or a 
piece of thin copper strap formed around 
one leg of the power transformer core as 
a shorted turn, will suppress the distor- 



fig. 3. Special interface circuits for cameras 
with negative sync signal requirements. 


tion. If these measures don't succeed, the 
power transformer may be remotely 
mounted in the converter package as 
mentioned later in the construction sec¬ 
tion. 

picture contrast 

Some experimentation with the cam¬ 
era video termination may yield higher 
contrast on sstv. With my converted FS 
cameras, I found that terminations higher 
than the standard 75-ohm value will yield 
usable pictures at lower light levels. Fig. 2 
indicates that the termination may be 
between 75 and 180 ohms. Once the 
complete system is operating, the termi¬ 
nation should be optimized. 
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video monitor 

I made a simple modification to my 
old TV set so it could serve as a video 
monitor. As shown in fig. 4, a 30-pF 
capacitor is connected to the output of 
the video filter. A short piece of coax 
(less than 1-foot [30.5 cm] long) is run 
to a connector on the chassis. Plug the 
camera video output into this coax, 
through an additional length of cable, add 
a camera termination, and you have a pic¬ 
ture. The termination is not required if the 
converter (with its own termination) is in 
the circuit. 

circuit description 

Explanation of the sampling principle 
of scan conversion has been well covered 
elsewhere. 1 It is recommended that 
W9NTP's excellent articles be studied by 
those not familiar with the sampling 
technique. 

The converter schematic and block 
diagram are shown in figs. 2 and 5 
respectively. Line frequency (60 Hz) is 
applied to U1, producing 1.5 ms, 60-Hz 
pulses. These pulses are divided by 4 in 
U2 and shaped into 1.5 ms, 15-Hz pulses 
by U3. Switch SI A selects either 60- or 
15-Hz pulses for the vertical deflection 
and sync amplifiers. Transistors Q1 
through Q4 comprise a direct-coupled 
yoke driver similar to the one used by 
W3EFG. 2 Switch SIB selects the vertical 
ramp size for the FS and SS modes. A 
variable dc bias on the yoke centers the 
scan on the vidicon target. Transistors Q5 
and Q6 interface the sync generators with 
the FS camera. Transistor Q6 may be 
omitted if negative sync is required by 
the FS camera, as mentioned earlier. 

The sstv horizontal sync pulse width is 
determined by U4. A separate mono¬ 
stable multivibrator is used, since it's 
desirable for the 15-Hz FS vertical sync 
pulse (determined by U3) to be consider¬ 
ably shorter than the sstv horizontal sync 
pulse, thereby eliminating shading on the 
left side of the sstv picture. 

The 15-Hz sstv horizontal sync pulses 
are used by ICs U5 and U6 to produce 



the sstv vertical sync pulse. These ICs are 
connected so that switch S2 can select 
divide-by-30, divide-by-60 and divide-by- 
120 to produce %, Vx, and full sstv frame 
rates respectively. The sstv vertical sync 
pulse width is determined by U7. 

Sync stripper Q7 removes the 
15,750-Hz FS horizontal sync pulses 
from the composite video. These pulses 
are used to produce a 15,750-Hz ramp by 
Q8 and one-half of U8. One-eighth Hz 
ramps are produced by Q9 and one-half 
of U8. The amplitudes of these ramps are 
adjusted by controls R4 and R5 to set the 
start (R4) and finish (R5) of the FS 
frame sampling. The summation of these 
two ramps is compared with the reference 
voltage on pin 3 of comparator U9, 
producing a sliding pulse at its output, 
pin 7. 

Video amplifier Q10 and emitter fol¬ 
lower Q11 amplify and shift the FS video 
to a dc level determined by the setting of 
the video level control, R6. The diode in 
the base bias circuit of Q10 is used for 
temperature compensation. 

The sliding pulse from U9 is differen¬ 
tiated by the Ik, 180-pF RC combina¬ 
tion, producing a voltage spike that 
switches Q13 and Q12 to sample the FS 
video. The 0.005-juF capacitor holds the 
sampled voltage until the next sample. 

One-half of U10 provides an im¬ 
pedance transformation between the 
holding capacitor and succeeding circuits. 
The other half of U10 provides the video 
inversion feature. Control R7 sets a refer¬ 
ence level such that the average video 
voltage selected by S3 is the same for 
either the normal or inversion function. 

Video-processor 1C U11 amplifies the 
sstv video and establishes a reference 
level, controlled by R8, which sets the 
range of the panel-mounted video-level 
control. Composite sstv sync is applied to 
U11 to blank the video during sync 
insertion. The black clamper, R9, pre¬ 
vents video excursion below 1500 Hz. 

Composite sstv sync, applied to tran¬ 
sistors Q14 and Q15, clamps the vco volt¬ 


age to the level set by the sync frequency 
control RIO. 

The vco, in an SE-565 phase-locked 
loop, is used because of its excellent 
linearity. Potentiometer R11 sets the 
white frequency. The square-wave vco 
output is filtered by a simple active 
low-pass filter, providing a low source 



fig. 4. Tv receiver modification for use as a 
video monitor. 


impedance, through the output level con¬ 
trol. R12, for driving external equipment. 

The power supplies use integrated cir¬ 
cuits to control series-pass transistors. 
The negative supply tracks the positive 
supply, resulting in a single adjustment. 
Five volts are obtained from a single 1C. 
All supplies are current limited. 

construction 

Lead length and component placement 
are not critical in the sstv converter. My 
breadboard model has long leads and 
haphazard stage and component place¬ 
ment. The second model, shown in the 
photographs, was built using the tech¬ 
nique I've found convenient for camera 
and monitor construction. 

After board layout and approximate 
stage placement has been selected, B+ and 
ground busses are run on the vector 
board. Components are then mounted 
between the busses using short, direct 
connections. The result is a reasonably 
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neat, one-sided layout that's easy to 
troubleshoot and later modify. Sockets 
are not used for the active devices be¬ 
cause of the extra space and cost re¬ 
quired, although they may be included if 
desired. Vector board pins are used only 
at board/wire interfaces. Teflon wire is 
recommended for board jumpers to pre¬ 
vent insulation burning during soldering. 

Board size of the converter is IVz 
inches by 3% inches (19.1 x 8.25 cm), 
which also includes a gray-scale generator 
not described here. The power supplies 


setup procedures 

Disconnect the power supplies from 
the converter and set the ±10-volt adjust¬ 
ment. Check for 5 volts at U16. Recon¬ 
nect the supplies and use an oscilloscope 
to trace the waveforms, shown on the 
schematic, through U1, U2, U3 and the 
vertical deflection amplifier. With the 
scope at the vertical yoke connection, set 
SI to FS mode and adjust R2 for a 
maximum, linear ramp signal without 
positive peak clipping. Switch SI to SS 



Left-rear of converter. The power transformer is mounted in the center for balance. 


are located on a separate board near the 
rear. The cabinet is a 8 x 6 x 372 inch 
(20.3 x 15.2 x 8.9 cm) Minibox. 

If it's desired to build the camera and 
converter as a single unit, removal of the 
camera's power transformer should pro¬ 
vide adequate room for the converter. 
Since layout is not critical, the converter 
can be packaged on two or three small 
boards to suit the available space. Camera 
and converter power transformers may be 
mounted on a separate chassis and con¬ 
nected to the camera through a multi¬ 
conductor cable. Radio-frequency inter¬ 
ference difficulties may be reduced by 
single-unit packaging. 


mode and adjust R1 as above. Set R3 to 
center rotation. 

Turn the converter off and connect 
the camera to the converter as shown in 
fig. 1. If any of the special interface 
circuits are required, they should also be 
in the circuit. With power applied, a 
locked raster should appear on the FS 
monitor. Be sure SI is in the FS position. 
With the aid of a test'pattern or a circle 
on a sheet of paper, adjust R2 and R3 for 
a centered, symmetrical picture. Note the 
amplitude of the 60-Hz ramp on the 
vertical yoke with the scope, switch SI to 
SS, and adjust R1 to the same amplitude. 
If difficulty is experienced in locking the 
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raster on the monitor, experimentation 
with the sync insertion connection may 
be required. 

Using the scope, check the following 
points for the waveforms shown on the 
schematic: 

1. U4, pin 6: 15-Hz pulses. 

2. U7, pin 6: 1/8-, and Mt-Hz ramps, 
depending on S2 position. 

3. U8, pin 7: 1/8-, and Va-Hz ramps, 
depending on S2 position. 

4. U8, pin 1: 15,750-Hz ramps. 

The output of the comparator, U9, pin 
7, is a sliding pulse that changes width 
during picture scan. Adjustment of R4, 
scan start, and R5, scan end, will produce 
a continuous sliding pulse that changes 
width smoothly and without hesitation. 
The differentiated spike will be visible as 
a thin black line on the FS monitor, 
moving from right to left. Its position on 
the screen indicates the part of the FS 
picture being sampled. 

Sstv has a 1:1 aspect ratio (FS is 3 


high to 4 wide), so a narrow portion of 
the left- and right-hand sides of the FS 
picture will be lost. Controls R4 and R5 
have some interaction, so patience is 
required to center the sampled portion of 
the FS picture. 

The setup of the vco and clamper 
should be made in a step-by-step pro¬ 
cedure initially. The FS camera (with its 
lens capped) must be connected to the 
converter. Preadjust the following con¬ 
trols as indicated: 



Ail circuitry (excluding power supply) is 
mounted on Vector board along one side of 
the box. 
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1. R9 to 10 volt end. 

2. R6 to maximum resistance. 

3. R11 to midrange. 

Proceed with final adjustment as fol¬ 
lows: 

1. Adjust R8 from ground until the vco 
frequency (as monitored at the sstv out¬ 
put jack) begins to decrease. 

2. Set R11 to 2300 Hz. 

Main converter board. Cir¬ 
cuits in the left quarter are 
the video amp, ramp gen¬ 
erators, comparator, sam¬ 
pler, and video processor. 

Lower center contains the 
counters and sync pulse 
generators. Upper center is 
the vco and output filter. 

Immediately to the right of 
the large cap is the yoke 
driver and sync amp. Cir¬ 
cuitry in the right quarter 
is the grey-scale generator. 


personal preference. The 68k resistor at 
U11 may be revised to change the sstv 
contrast, or a control may be mounted on 
the panel if desired. Likewise, the con¬ 
trast in the invert mode may be adjusted 
by changing the 4.7k resistor at U10. Sstv 
sync pulse width may be changed by 
adjusting the timing resistors in U4 and 
U7. 

With the component values shown, the 
video circuits will operate at high gain. It 
is then possible to obtain useful sstv 



3. Set R6 to minimum resistance. 

4. Adjust R9 for 1500 Hz. 

If it is not possible to adjust the vco 
frequency over the full 1500- to 2300-Hz 
sstv video range with the video level 
control, readjust the black level control, 
R8, and repeat steps 2 through 4. With a 
Ik resistor connected between the base of 
Q14 and 5 volts, set the sync frequency 
control, R10, to 1200 Hz. Set R6 to 
1900 Hz, switch S3 to invert, and adjust 
R7 to 1900 Hz. Set S3 to normal. 

The voltages and waveforms were 
measured in one of my converters; they 
are for reference only and may vary 
considerably between units. 

With the lens uncapped, adjustment of 
the video level control and lens opening 
will produce a sstv picture. 

component substitutions 

I've built two converters using identi¬ 
cal component values and observed iden¬ 
tical results. It's possible, however, to 
change some component values to suit 


pictures using less light and/or lower lens 
openings. In either case, camera setup is 
simplified. 

device selection 

Transistors Q10, Q11 and Q13 are 
high-frequency devices; Q12 is a low- 
leakage, high-frequency unit. All other 
transistors except Q16 and Q17 are 
small-signal devices. You may substitute 
providing you use silicon types. ICs U8 
and U10 are dual op amps, which may be 
single 741s if desired. Diodes, except 
those in the power supply, are small- 
signal devices of the 1N914 variety. 

operation 

Only two adjustments (assuming the 
lens is focused) are required to set up the 
camera/converter for pictures. I use the 
lens opening, or amount of light, to 
control the contrast and set the video 
level control so the video swings from full 
black to full white with plenty of gray 
scale in between. Be sure your monitor's 
brightness and contrast controls have 
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been set using a gray-scale tape or gen¬ 
erator, as the monitor is your reference 
for camera adjustment. 

I use a 100-watt bulb in a gooseneck 
lamp and a f/16 lens opening for photo¬ 
graphs. For lettering, I open the lens to 
f/11 so the video will swing from full 
white to full black with no gray scale. 
Live pictures are taken with normal room 
lighting and a f/4 or f/5.6 lens setting. 

summary 

The conversion of a used, closed- 
circuit FS camera to slow-scan provides 
an economical approach to sstv picture 
generation. Furthermore, an old black 
and white TV may be pressed into service 
to allow fast, accurate focus and lighting 
adjustments. 

The scan converter described here pro¬ 
duces high-quality sstv pictures using in¬ 
expensive integrated circuits to reduce 
complexity and simplify construction. 
With the addition of only a few compo¬ 
nents, fractional frame rate and video 
reversal features are included. 

I've attempted to use proven circuitry 
where possible and not try to reinvent the 


wheel. Several circuits, created by others, 
have been used since they provided the 
best performance with the least complex¬ 
ity and cost, which was one of my goals. I 
would be interested in hearing from 
readers who build this converter. Those 
interested in using this basic converter 
with a FS camera previously modified for 
use with the W3EFG converter (divide- 
by-4 and sync/deflection amplifiers not 
required) are invited to write for interface 
details. Please include a self-addressed, 
stamped envelope. 
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a versatile 


autopatch system 


for vhf 
fm repeaters 

Complete design 


particularly important in an autopatch 
working into a Touch-Tone central office. 
Provision should be made on both phone 
patch and autopatch to set the audio gain 
at levels acceptable to the telephone 
system, and to provide a desirable 
amount of modulation to the transmitter. 

phone-patch requirements 


information for an 
autopatch system 
that includes 
access control and 
protective features 


An autopatch for fm repeater use is not 
just an automated phone patch. A good 
autopatch should have protective features 
not necessary on a phone patch at an 
attended station. On the other hand, 
certain features that I consider desirable 
in a phone patch add nothing to an 
autopatch installation. 

Both phone patch and autopatch 
should provide undistorted audio coup¬ 
ling from the telephone line to the 
transmitter and from the receiver to the 
telephone line. Freedom from distortion 
between the receiver and telephone line is 


o 

CM 

o 


C/5 

00 

cc 


Beyond acceptable audio, the two 
systems have little in common. Features 
desirable in a phone patch to be used at 
an ssb station have been described in 
another article 1 and include facilities for 
three-way conversation, enabling the 
operator to talk to both parties-the 
person on the telephone as well as the 
one on the radio-using the station micro¬ 
phone and monitoring with the station 
speaker or headphones. Vox operation of 
the transmitter by the party on the 
telephone is also an advantage. Successful 
accomplishment of these objectives can 
involve fairly sophisticated hybrid cir¬ 
cuitry and incorporation of a number of 
amplifiers for level control and circuit 
isolation. 

autopatch features 

An autopatch system does not require 
vox operation or isolation of the trans¬ 
mitter audio input from the receiver 
output. Monitoring is the responsibility 
of the control operator, usually at a 
remote control point. The autopatch cir¬ 
cuit is essentially one for two-way com¬ 
munication, with switching between 
transmit and receive controlled by the 
party originating the radio contact. 
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However, the autopatch system does 
need a control system which will permit 
the caller to gain access to the telephone 
line and originate and terminate a call. It 
should also have reasonable protection 
against' accidental activation, and auto¬ 
matic time-out if the calling party neg¬ 
lects or is unable to terminate the call. It 
should also be possible for the control 
operator to interrupt a call if necessary, 
without turning off the repeater. 

Optional control features include pro¬ 
tection against toll calls, and a provision 


working successfully on a busy 146.16/76 
repeater. 

simple autopatch 

The audio circuit for the simple auto¬ 
patch is shown in fig. 1. This patch was 
constructed from a Healthkit HD-15 
Hybrid Phone Patch, and uses most of the 
kit components and circuitry. Except for 
the Touch-Tone decoder and power supply 
the unit is completely contained in the 
9% x 3V 2 x 272-inch (23.5 x 8.9 x 6.4-cm) 
cabinet supplied with the kit. 


AUDIO 

FROM 

GROUND RECEIVER 



on a Heathkit HD-15 hybrid phone patch kit. Control logic and timing circuits are shown in fig. 2. 


whereby persons knowing what number 
to call can dial the autopatch line, mon¬ 
itor the repeater input frequency, and if 
the control system permits, send control 
signals over the telephone line. Some 
groups have gone further, and made it 
possible to originate calls through the 
repeater from a telephone—sort of a 
"reverse autopatch." Restricting this 
capability to licensed operators is a prob¬ 
lem those choosing to install such a 
system must solve for themselves. 

This article describes two autopatch 
systems that I have built. One is compara¬ 
tively simple, suitable for use on a re¬ 
peater on an uncrowded channel. The 
other, with more protective features, is 


The Heathkit HD-15 phone patch in¬ 
cludes a hybrid circuit which isolates 
the receiver audio output from the trans¬ 
mitter. As previously noted, this isolation 
is unnecessary in an autopatch. However, 
the hybrid transformer provides excellent 
quality audio coupling between receiver 
and telephone line, and from line to 
transmitter. The null adjustment bal¬ 
ancing network is replaced by the Touch- 
Tone decoder which operates the phone 
patch control circuits. The control cir¬ 
cuits combine solid-state logic with relay 
switching. 

Operation of the patch is as follows. 
Switch SI is a manual on/off switch, 
which in the off position disconnects the 
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fig. 2. Simple control logic and timing circuit for the autopatch system shown in fig. 1. 


phone patch from the repeater and tele¬ 
phone line, and bypasses the repeater 
audio signal from receiver to transmitter. 
This switch is normally left on to permit 
autopatch operation. 

When a call is to be made, relays K1 
and K2 are operated by the Touch-Tone- 
controlled logic. Contact K2A opens the 
direct audio path between receiver and 
transmitter and connects the phone patch 
output to the transmitter input. Relay 
contact K2B keys the repeater trans¬ 
mitter. Contact K1A establishes a dc path 
for the telephone circuit, signalling the 
central office and bringing up the dial 
tone. Both these relays stay closed until 
the call is terminated. Everything said on 
the telephone and radio is transmitted 
over the repeater. 

Relay K3 and the bridge rectifier 
compose an automatic telephone answer¬ 
ing circuit. If the autopatch telephone is 
called by another party when manual 
switch SI is on, rectified ringing current 
closes K3 momentarily, ''answering'' the 
telephone and stopping the ringing. Relay 
K1 closes, K2 does not. The calling party 
can monitor the repeater receiver over the 
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telephone line, and transmit Touch-Tone 
commands to the Touch-Tone decoder to 
operate the patch or other repeater 
control functions. The connection should 
be terminated by the calling party by 
transmitting the disconnect signal before 
he hangs up his telephone. 

The control logic shown in fig. 2 
recognizes a two-digit access code and a 
single-digit disconnect signal. When the 
two access digits are received by the 
decoder it generates a logic zero, or 
ground, at inputs 1 and 2, operating 
relays K1 and K2 and activating the 
phone patch as described earlier. The 
disconnect signal is decoded as a logic 
zero at terminal 3, releasing both relays. 
While the disconnect signal will usually be 
transmitted by the calling party on com¬ 
pletion of the call, it can be used by the 
control operator if necessary. 

Automatic time limiting is provided 
with the circuit controlled by relay con¬ 
tact K1B. In the standby condition, 
capacitor Cl is charged to a level deter¬ 
mined by the setting of potentiometer 
R1. When K1 is picked up, the capacitor 
is discharged through resistor R2. When 










its charge falls to the level at which Q1 
conducts, an automatic disconnect signal 
is generated at terminal 3. The timing 
cycle is also started by relay contact K3B, 
when relay K3 answers an incoming call. 
Of course, no one calling in on the 
telephone line to monitor the receiver 
would normally forget to transmit the 
disconnect signal—but K3B is still a good 
precaution, let's say, against someone 
calling a wrong number! 

Performance of this simple autopatch 
is excellent as far as audio quality and 
circuit reliability are concerned. Its big 
disadvantage is lack of security—it can be 
activated by the two access tones in 
either AB or BA order, and there is no 
protection against long-distance calls. A 
lesser disadvantage is the lack of any way 
to boost the audio level from the tele¬ 
phone line to the repeater transmitter; it 
is sometimes hard for a mobile operator 
in heavy traffic to hear a soft-voiced 
woman when she answers the telephone. 
A more versatile autopatch system which 
overcomes these limitations is described 
below. 


versatile autopatch 

Although the autopatch system de¬ 
scribed previously provides excellent, 
reliable operation, it lacks some desirable 
security and operational refinements that 
enhance autopatch operation. The unit 
described here is more versatile, better 
protected, and incorporates audio ampli¬ 
fiers which permit adjustment of audio 
levels to the telephone line and trans¬ 
mitter. Construction is modular, so you 
can select the features you want and 
program the logic to fit your own require¬ 
ments. 

audio circuits 

The audio circuits for the versatile 
autopatch system are shown in fig. 3. 
Component selection is not critical. Relay 
K1 is a multi-contact telephone type 
relay, and K2 is a 12-volt relay with one 
single-throw and two double-throw sets 
of contacts. Transformers T1 and T2 are 
audio transformers with three windings; 
any good-quality transformer with impe¬ 
dance of 400 to 1200 ohms and a 1:1 or 
2:1 ratio should work. Surplus 400-cycle 
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power transformers with 117-volt pri¬ 
maries and 300-volt center-tapped 
secondaries have been used successfully. 

The circuit diagram shows the relays in 
standby position. Audio from the receiver 
used by mobile stations goes directly to 
the transmitter. The telephone line is 
connected, through a blocking capacitor, 
to transformer T2. Another winding of 
T2 is connected to an input of the mixer 
which drives the Touch-Tone decoder. 
The third winding is connected to an 
audio source that monitors all the re¬ 
peater inputs except the control receiver. 
This arrangement permits control oper¬ 
ators to call the autopatch number on the 


set of contacts on relay K1, but keying it 
from the control logic permits more 
versatile operation, as explained later. 
Relay K2 is connected by a set of 
contacts on K1 to the mobile receiver 
COR which enables the mobile operator 
to switch the amplifier inputs, controlling 
what goes out on the telephone line and 
on the air. Note that this gives the mobile 
operator the ability to cut off any poten¬ 
tially objectionable remarks that might be 
made over the telephone by simply press¬ 
ing his microphone button; he does not 
have to deactivate the phone patch. 

The phone patch may be wired so that 
the repeater will repeat both sides of a 



fig. 4. Audio amplifier circuit for the versatile autopatch system uses a Motorola MFC9020 audio 
power 1C. Maximum power output is approximately two watts. 


telephone, listen to the repeater inputs, 
and send instructions to the decoder over 
the telephone line. It also permits Touch- 
Tone signals from all receivers, such as 
those used to open a guarded input, to 
reach the decoder. 

When the patch is activated audio 
from the mobile receiver is disconnected 
from the transmitter and connected to a 
phone patch amplifier and the Touch- 
Tone decoder. The telephone line is 
disconnected from T2 and connected to 
T1; the dc path through the transformer 
brings up the dial tone. The audio output 
that monitors all receivers is disconnected 
from the Touch-Tone decoder so only the 
mobile and control receivers can transmit 
instructions while the phone patch is 
activated. 

The transmitter could be keyed by a 
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conversation by interconnecting contacts 
3 and 8 on relay K2 as shown in fig. 3. To 
have only the telephone party's side of 
the conversation repeated, omit the 
jumper between contacts 3 and 8, and 
connect 3 to ground. Details of the 
amplifier circuits are shown in fig. 4. 
They have tremendous gain and are cap¬ 
able of two watts output, which is what 
makes the impedance match of T1 rel¬ 
atively unimportant. 

patch control circuits 

The autopatch control logic, shown in 
fig. 5, is designed to operate with the 
solid-state repeater control logic describ¬ 
ed in an earlier article. 2 Activation of the 
phone patch requires two Touch-Tone 
digits in the proper sequence to set 
flip-flops U1 and U2. When U2 is set by 




fig. 5. Control logic for the versatile autopatch system. Screening circuits are 

shown in figs. 6 and 7. 


the final digit of the code, several things 
happen. The logic 1 at U2's Q output 
permits the timer to start counting clock 
pulses, and opens the gate to the digit 
screening module. At the same time, the 
logic zero at the Q output actuates the 
main patch relay K1 through the NOR 
gate U8B and the two inverter drivers, 
U10B and U10C, connected in parallel to 
handle the heavy relay current. 

At the end of four clock pulses, the 
counter sets flip-flop U9A, keying the 
transmitter so that the dial tone is heard 
on the air. The caller then dials the 
desired number. The first digit of the 
number is checked by the screening cir¬ 
cuit, and if it is acceptable a logic 1 is 
generated at the hold terminal, latching 
flip-flop U9A. 

If no telephone number is dialed, or if 
the first digit is unacceptable to the 
screening circuit, no hold signal is gen¬ 
erated and U9A is not latched. When 
flip-flop U9B toggles at the end of 32 
clock pulses (approximately 20 seconds) 
flip-flop U9A is reset, and U9B latches it 


in the off position. Transmitter keying is 
released, and all patch logic is reset to the 
standby condition. This sequence effec¬ 
tively prevents anyone from activating 
the patch and leaving a dial tone on the 
air for more than 20 seconds. The interval 
can be made shorter by changing the 
output of U5 which is connected to the 
clock input of flip-flop U9B. 

If an acceptable telephone number is 
dialed within the time allowed the patch 
will remain activated until released by the 
reset digit or a logic 1 from the last stage 
of the timer. With the circuit shown this 
signal is generated after 512 clock pulses, 
or approximately 5 minutes. The 3- 
minute timer on the repeater is reset each 
time the caller keys his transmitter by 
contacts 5 and 6 of relay K2 so it 
will not time-out the repeater as long as 
he doesn't let the party on the other end 
of the telephone talk too long. 

The degree and type of protection 
provided can be varied to suit the user 
and the requirements of the situation in 
which the autopatch system is to be used. 
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Security of access can be increased over 
that provided by the integral two-digit 
code by adding an external access 
module. This module can be used to 
control the access dock input to flip-flop 
U1, or provide a logic zero at the external 
access control terminal (this terminal 
should be grounded if no external access 
control is used). The external access 
module can also be wired to disable the 
transmitter while the two digits that 
activate the patch are received and 
decoded, helping to preserve their 
secrecy. 

Another protective feature that can be 
varied to suit the user is the screening 
circuit. The simple circuit shown in fig. 6 
will only insure that some number is 
dialed—in other words, that a dial tone is 
not left on the air until the repeater times 
out. As explained earlier, failure to dial at 
least one digit will deactivate the patch in 
20 seconds. 

Adding another AND gate and dual 
flip-flop as shown in fig. 7 provides 
protection against long-distance calls. As 
in fig. 6, flip-flop U1A will be set by the 
first digit dialed after the access code. 
However, if this digit is a 1 (long dis¬ 
tance) flip-flop U1B will also be set, and 
both U1A and U1B will latch. Flip-flop 
U2 will not be set, no hold signal will be 
generated, and the patch will deactivate 
itself as though no number had been 
dialed. Any digit except a 1 will set U1A 
without setting U1B; U2will beset when 
U1A is reset by the next clock pulse and 
will generate the hold signal. 


GATE CONTINUOUS 

INPUT CLOCK 



fig. 6. Simple screening circuit for the auto¬ 
patch control logic. Dialing any number will 
hold the patch in the active condition (see 
text). 


conclusion 

Many other control variations are pos¬ 
sible. A counter can be incorporated in 
the screening circuit to count the digits 
and deactivate the patch if too many or 
too few are dialed. External switching 
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fig. 7. This screening circuit for the autopatch 
logic control system includes provision for 
locking out long-distance calls. 


modules can be used to screen out the 
three- digit prefixes for weather reports, 
time signals and exchanges that are toll 
calls. The timer can also be connected to 
key the transmitter long enough for the 
dial tone to be heard, and then silence the 
repeater while the telephone number is 
being dialed. An external circuit can be 
added to override the five minute time 
limit and provision can be made to put 
the repeater in a standby mode at night- 
silent until the patch is activated by an 
emergency code. What you do with this 
circuit is truly limited only by your own 
imagination. I will welcome correspon¬ 
dence from readers interested in going 
beyond the capabilities of the circuit 
described here. 
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5/8-wavelength 

two-meter antenna 


How to build 
a low-cost 
gain antenna 


The 5/8-wavelength radiator is a 
replacement-type adjustable automobile 
antenna. The one I used was purchased 
from Allied Radio Shack for $1.39 
(catalog number 12-1309). Many auto 
supply stores also carry these antennas, and 
any of them that will extend to 48 inches 
(1.22 meters) should be satisfactory. 


for your two-meter 
mobile or base-station 


The simplest way to match a 5/8- 
wavelength end-fed radiator to a 50-ohm 
feed system is to lengthen it by 1/8 
wavelength with loading to make the 
antenna electrically 3/4-wavelength long. 1 
The antenna will then present the same 
50-ohm load as the familiar 1/4-wave 
whip. Radiation from the small load¬ 
ing coil will be almost nil, and the low 
angle radiation of a 5/8-wavelength radia¬ 
tor will be realized. Two-meter antennas 
of this type are available from several 
antenna manufacturers, but at rather dear 
prices. Described here is a 5/8-wavelength 
two-meter antenna which can be assem¬ 
bled for less than five dollars. The neces¬ 
sary materials are available from any 
hardware store, and standard hand tools 
are all that is needed for its construction. 
An electric drill is the only power tool 
required. 
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fig. 1. Completed loading coil for 5/8-wave 
two-meter antenna. The type-uhf fitting at the 
base lends itself to a variety of mounting 
methods, and a replacement-type automobile 
broadcast antenna slips handily over the 5/16- 
inch brass rod on the top. 
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With the radiator portion of the 
antenna taken care of, all that is needed is 
a loading coil with a good mechanical 
base. Many approaches were considered, 
but none were going to be easy to 
construct. I finally tried the design shown 
in fig. 4, which went together successfully 
on the first try. All parts are labeled in 
the drawing. The 1/2-inch (12.7-mm) 
PVC plastic pipe caps cost about a 
quarter. Half-inch (12.7-mm) PVC pipe is 
usually available in ten-foot (3-meter) 
lengths for about fifty cents. Only two 
inches (5.1 cm) of pipe is needed, but the 
remainder may prove handy for some 
other project. Some number-16 copper 
bus wire for the coil, some epoxy, about 
two inches (3 cm) of 5/16 inch (7.9 mm) 
diameter brass rod, and a uhf coax connec¬ 
tor (UG-266/U) or a piece of 3/8-24 (stand¬ 
ard U S. mobile mount) threaded brass 
stock round out the bill of materials. 
Although other coax connectors may be 
used the UG-266/U is best. A special PVC 
cement is available which is better than 
epoxy for gluing the plastic parts 
together. 


fig. 2. PVC pipe cap with the UG-266/U coax 
connector installed. 




fig. 3. The loading coil is soldered to a hole 
drilled in the end of the brass rod, which then 
slips through a hole drilled in the top PVC cap. 


coil assembly 

To start the assembly, glue a two-inch 
(5.1-cm) piece of PVC pipe into one of 
the caps. The cap and pipe are then filled 
with about 3/4 inch (19 mm) of epoxy. 
This filling provides support for the 
5/16-inch (7.9-mm) diameter rod used to 
mount the whip. With this assembly set 
aside for the epoxy to cure, a 9/16-inch 
(14.3-mm) diameter hole is drilled into 
the center of the other cap for the 
connector. A tapered hand reamer is 
satisfactory for making this hole if a large 
enough drill is not available. Screw the 
connector a short way into this hole, 
being careful to maintain alignment. Now 
heat the connector with a large iron or 
solder gun. When it is too hot to touch, 
grasp it with a pair of pliers and screw it 
into the cap. The heat will soften the 
PVC enough to allow this to be done and, 
after cooling, the connector will be 
molded into the PVC as shown in fig. 2. 

After the epoxy has set, drill a 5/16- 
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fig. 4. Cross-sectional drawing of completed 
loading coil assembly. 


inch (7.9-mm) diameter hole in the center 
of the other cap. File this hole out 
slightly to allow easy insertion of the 
brass rod, bevel the top of the hole with a 
countersink or drill. Trim the PVC pipe 
to a length which will allow the caps to 
just come together when the halves are 


Drill a small hole about 1/2-inch 
(12.7-mm) deep into one end of the 
5/16-inch (7.9-mm) diameter brass rod 
and solder one end of the coil into it as 
shown in fig. 3. Solder the other end to 
the center terminal of the coax connec¬ 
tor. Slip the top cap and PVC pipe 
assembly over the coil and rod to check 
the fit of the entire unit. 

alternate mounting 

In many mobile installations it is 
desirable to have the antenna screw into a 
standard mobile mount. In this case, the 
bottom cap should be drilled out with a 
size Q (about 21/64 inch or 8.4 mm) 
drill. A 3/8-24 threaded stud can then be 
heated and inserted in the same way that 
the connector was. A hole in the inside 
end of the stud should be drilled and 
tapped to provide a place for a solder lug 
for soldering the coil. Finally, a 3/8-24 
nut should be run up the stud and 
tightened against the plastic cap. About 
1/8 inch (3.2 mm) of the stud should 
protrude inside the cap, and some epoxy 
filler should be put around it to increase 
the strength of the base. This is necessary 
because the stud has 1/4 inch (6.4 mm) 
less diameter than the connector and 
might break out of the plastic if sufficient 
stress were placed on it. 


Other connectors which have 
been used successfully are (left to 
right): 3/8-24 screw, UG-363/U 
UHF bulkhead feedthrough, UG* 
273/U UHF/BNC adapter, UG* 
492A/U BNC bulkhead feed¬ 
through, and UG-911A/U panel 
jack (mounted from inside). 


assembled. Wind four turns of number-16 
wire on a form which will allow the 
finished coil to just fill the inside of the 
PVC pipe (about 9/16-inch (14.3-mm) 
diameter), and bend the ends of the coil 
to protrude radially from its center line. 


Before the assembly is sealed, its 
operation should be checked. For mobile 
installations, mount the antenna on an 
appropriate mobile mount. For a good 
match the base should be close to the car 
body, so do not use a large base spring. 



42 [ffl july 1974 




fig. 5. The 5/8-wave two-meter antenna in¬ 
stalled on the roof of the authors station 
wagon. The set screws for mounting the whip 
have been replaced by thumb screws to permit 
quick removal for entering the garage. 

For mast installations, the connector is 
mounted to an angle bracket through a 
hole, and four or more 20-inch (51-cm) 
radials must be added. In either case, 
adjust the whip to 48 inches (1.22 
meters) and check the vswr. If it is not 
close to 1:1, adjust the whip length for 
minimum reflected power. If the whip 
needs to be lengthened the loading coil 
inductance needs to be increased; a 
shorter whip length means the coil 
requires less inductance. A whip adjusted 
to slightly shorter than 48 inches (1.22 
meters) is acceptable, but whips of longer 
lengths should be avoided since un¬ 
desirable high angle lobes will increase, 
and the low angle lobe will be weakened. 

After any needed coil adjustments are 
made, coat the lower 3/4 inch (19 mm) 
of the brass rod with epoxy. The bottom 
cap may now be glued in place and a bead 
of epoxy placed in the beveled edge 
around the top cap as shown in the 
cross-section drawing, fig. 4. The final 
assembly is now a rugged, air-tight unit 
equal in performance to expensive com¬ 
mercial gain antennas. It is well-suited to 
a variety of mountings such as the one used 
on the K6KL0 station wagon in fig. 5. 

reference 

1. R.L. Crawshaw, "5/8 Wavelength Verticals," 
73, May, 1970, page 36. 
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For many years prior to 1968 I had 
frequently heard solar radio noise whilst 
using vhf communications receivers for 
atmospheric studies. I realised these 
bursts of metre-wave radio noise were 
telling me that a solar event had taken 
place, and that a stream of complex 
particles may be heading toward earth. If 
the timing were right, these solar particles 
would enter earth's atmosphere and cause 
an aurora or disturb the natural state of 
the ionosphere, which would cause the 
normal propagation of a variety of radio 
signals to be upset. 

With this in mind, I decided to build a 
radio telescope to give me prior know¬ 
ledge of solar activity and to include this 
information in my propagation reports to 
the radio organizations. 

the radio telescope 

The aerial consists of four Yagis, each 
having four elements, mounted on a 10 x 
6-foot (3 x 1.8-meters) wood frame, 
which is covered with a Ya-inch (13-mm) 
wire mesh for the reflector. The whole 
reflector framework is hinged on its 
bottom rail so that its altitude can be 
adjusted periodically to keep the sun 
within its vertical beamwidth. The aerial 
faces south, and the earth drift principle 
is used for the azimuth adjustment. 

The working frequency selected for 
the radio telescope is 135.95 MHz, 
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because at my location this frequency is 
free from terrestrial interference and the 
radio noise associated with sunspots can 
be very strong at this frequency. 

The solar radio waves are fed to a 
crystal-controlled transistor converter 
mounted behind the aerial reflector. The 
intermediate frequency of 26 MHz, pro¬ 
duced at the converter, is fed on under¬ 
ground coaxial cables to an i-f amplifier 
and detector. The dc voltage at the 
detector is amplified by a type 709 
integrated circuit to drive a pen recorder. 

The completed instrument was put 
into operation on June 1, 1968, and was 
soon producing results. Daily observa¬ 
tions, which are controlled by a time 
switch, start when the sun enters the 
antenna beam at 1130 gmt and terminate 
at 1330 gmt; during this period, five feet 
(1.5 meters) of paper chart are produced 
from the recorder. 

solar activity 

As time passed, two features of solar 
activity emerged from the daily record¬ 
ings. First was the burst of radio noise 
(fig. 1) and second was the noise storm 
(fig. 2). The individual solar burst may 
last only a few minutes, whilst the noise 
storm may continue for several days. The 
radio noise from a solar event is received 
8.3 minutes after it has taken place, but 
the streams of nuclear waste, which are 
ejected by the sun at the same time, may 
take up to 40 hours before reaching the 
earth's orbital path. 

The author is an amateur radio astronomer and 
a Fellow of the Royal Astronomical Society. 
For many years he has operated a radio 
observatory from his home in Sussex, England. 
Data from author Ham's observations have been 
supplied to the Radio Society of Great Britain, 
the International Amateur Radio Union (Region 
1), and the British Astronomical Association. 
His equipment operates on 13S.95 MHz, which 
favors the "active" sun noise. Although no tech¬ 
nical data on the author's receiver are supplied 
with his article, it would appear that any good 
vhf converter could be used to duplicate the 
author's set for those who wish to expand their 
knowledge in this area. Editor. 


The first "prize" observation came on 
November 1, 1968, when an Aurora 
Borealis was evident at the climax of a 
noise storm, which my telescope had 
been recording for several days. The great 
Auroras of March 8, 1970; August 5, 
1972; and April 1, 1973, followed pro¬ 
longed periods of solar activity, which 
had been recorded by my instrument. 
Throughout the five-year life of my radio 
telescope, many atmospheric disturbances 
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fig. 1. Four-minute burst of solar data recorded 
at 130a gmt, June 29, 1973. 


have been associated with solar activity. 
From the time I built this instrument, my 
friends in the radio world have been 
interested in its results and frequently 
have asked me for information to comple¬ 
ment their studies. 

objectives 

The daily routine at my observatory 
consists of checking several vhf radio 
frequencies looking for the effects of 
Aurora, sporadic E, or tropospheric 
disturbances and then attempting to as¬ 
sociate these effects with the results 
from the solar observations. In addition 
to the radio work, I record rainfall, 
humidity, temperature, wind speed and 
atmospheric pressure data for correlation 
with tropospheric openings. When possi¬ 
ble I also log the "freak" weather disturb¬ 
ances that are large enough to justify the 
attention of the national news media. 

solar activity and 
the earth's weather 

Through keeping records of solar and 
atmospheric events I noticed that during 
or soon after I had recorded a noise storm 
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fig. 2. Eight-minute sample of solar activity 
recorded on August 7, 1972 during a storm that 
occurred August 1-9. 

the news media were likely to report 
(somewhere on earth) a freak, or violent 
weather event, often with tragic loss of 
life and/or extensive damage to property. 
The following examples illustrate the 
typical weather news reports coinciding 
with recorded solar storms that set me 

date of date of 

solar storm news report 

1970 - Nov. 11 to 22 20th. East Pakistan 

flood disaster, 

1970 - Dec. 17 to 23 The unpredicted 

“White Christmas” in 
Europe with severe 
blizzards. {Some 
countries had snow for 
the first time.) 

1971 - Jan. 28 to 31 30th & 31 st. Floods in 

Poland and Mozam¬ 
bique. Nine inches 
(22.9 cm) of rain in one 
day was reported from 
Australia. Heavy rain 
and snow in parts of 
U.K. The Thames river 
was at risk of flooding 
because of severe gales 
in the North Sea. 

1971 -April 9 to 18 1 6th/1 7th. Worst 

weather in 72 years 
experienced by Mount 
Everest climbers. 

13th. BBC news report 
that monsoons in E. 
Pakistan had started a 
month early. 

1971 - July 13 to 19 18th. Freak rain storm 

in Seoul, Korea. 

20th. Hong Kong hit by 
worst typhoon for 
many years. 

1971 -Aug. 18 to 27 26th. (Stop press). 

Storm havoc in Spain. 


thinking about a possible connection 
between these two natural events. 

These are just a few of the reports I 
have gathered from newspaper items and 
radio news broadcasts; there may well be 
many more, or more detailed information 
in subsequent reports. 

Scientific literature tells us that a 
connection between the active sun and 
the earth's weather has been known for 
many years, but the precise link has not 
yet been identified. Briefly, certain 
changes in climate, and in plant life, have 
already been associated with the eleven- 
year sunspot cycle. For approximately 
400 years astronomers have systematic¬ 
ally recorded the number of visible sun¬ 
spots; and throughout these years, 
scientists have related many natural 
events to the existence of a large sunspot. 

date of date of 

solar storm news report 

1972 - Feb. 12 to 23 14th. 100-mph 

(161-kmh) gales in 
southern France. 

18th. Freak storms in 
Austra I ia. 

20th. Flooding in New 
York. 

1972 - March 3 to 12 13th. Flooding in Peru, 

1972 - June 15 to 22 22nd. Worst floods in 

American history; 
whole towns evacuated 
near New York; some 
parts declared disaster 
areas. 

1972 - Aug. 1 to 9 2nd. Flooding in 

London. 

1972 - Aug. 11 to 14 11th. Freak tornado 

reported in Holland. 

1972 - Oct. 19 to 31 24th. Serious flooding 

in Australia. 

28th, Severe gales in 
Icelandic waters. 

20th. Severe flooding in 
Costa de Sol. 

31st. Gales in Somalia; 
many dead. 

1973 - April 1 to 11 2nd. H ur r ica ne—force 

winds in Holland. 

10th. Some parts of 
USA had snow for first 
time. 

14th. Storms in E. 
Pakistan; many dead. 
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solar radio waves 

The association of radio waves with an 
active sunspot has been recognized only 
for about 40 years; prior to this, solar 
observations relied on what the eye could 
sec. Could it be that a simple amateur 
radio telescope has identified the particu- 


talked about this matter until Jim Fisk 
raised the subject of geomagnetic effects 
on weather in his editorial of a recent 
issue of ham radio- 1 Like a shot from a 
gun an old friend, Brian Oddy, read this 
editorial and promptly contacted me to 
see if I had seen my copy of ham radio. 
Brian quickly pointed out that a solar 



Author's radio telescope aerials. At left is a BBC cameraman behind a 90-MHz aerial. A BBC 
interviewer and author (extreme right) stand in front of the 1 36*MHz aerial. 


lar sunspot activity responsible for 
stirring up the existing weather systems 
on earth? After all, we know that solar 
particles, which are heralded by radio 
noise, can upset the ionosphere; so why, 
by some indirect means, can't they upset 
the troposphere? 

This sun/weather relationship phenom¬ 
ena caught the imagination of several 
friends, and it was suggested that my 
observations be placed on record. In 
August, 1971, an article containing some 
of these observations was published in the 
RSGB journal. Radio Communication. 
Since this article was published people 
have kindly sent me a variety of press 
cuttings about freak weather conditions 
for me to correlate with my solar 
recordings. 

Amongst my friends, little more was 


storm could upset the geomagnetic field 
and in turn upset the weather. 

Perhaps the editorial in ham radio has 
joined together two independant observa¬ 
tions which, as Brian suggests, have pro¬ 
vided another vital link in the chain of 
events between the sun and the earth's 
weather. 

reference 

1. Jim Fisk, W1DTY, "A Second Look”, ham 
radio. April, 1973, page 4. 

bibliography 

t. Joe Mikuckis, K3CHP, "Some Interesting 
Aspects of Increased Solar Activity,” ham 
radio. June, 1968, page 21. 

2. Hank Olson, W6GXN, "An Amateur Ane¬ 
mometer,” ham radio, June, 1968, page 52. 
Short Circuit, ham radio, August, 1968, page 34. 
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How many times has one of your ele¬ 
gantly conceived projects turned into a 
"kluge" because the only housing you 
could find for it was an uninspiring 
standard Minibox? The satisfaction gained 
from building your own ham gear is 
determined by both performance and 
appearance, and it is the latter that 
suffers most severely from the limitations 
of the home workshop. As if Miniboxes 
weren't ugly enough, everything from 
office file-card boxes to a Sucrets can 
have also been used to house small 
electronic gadgets. Presented here, how¬ 
ever, is a technique for fabricating your 
own attractive housing for that next 
project—one that requires only simple 
hand tools and is quite inexpensive. 

materials 

The key to this technique is rectangu¬ 
lar cross-section extruded aluminum 
tubing. A shopping visit to an industrial 
aluminum supply house is your first step. 
You are looking for a stock of scrap 
pieces of 2 x 2-, 2 x 3-, 2x4- and 2 x 
6-inch (approximately 5 x 5-through 5 x 
15-cm) tubing. A wall thickness of 1/8 




inch (3 mm) is best. Assorted lengths this determination. As shown in fig. 1, a 

from 6 inches (15 cm) up are usually front and rear panel are cut from sheet 

available from the scrap bin for a nominal aluminum to fit inside the tubing and a 

price. At worst you should expect to pay U-shaped chassis of the required length is 

$1.50 to $2.50 per foot (30 cm) if they formed from the same material. These 

have to cut it from stock. If they are very parts are fastened together by the con- 

stuffy and will only talk in terms of trols and connectors that are mounted on 

12-foot (3.6 meter) lengths you are at the front and rear panels. This assembly is 

the wrong place. Besides the tubing, you then slid into a piece of aluminum tubing 

will need some 0.032-inch (0.8-mm) to which is 1/2-inch (1.27-cm) longer than 

0.062-inch (1.6-mm) sheet aluminum for it. A 6-32 x 1/4-inch (6.35-mm) flat-head 

the chassis and panels. Get a soft alloy screw that goes through the bottom of 

like 6061-T4 so it won't crack when you the case and screws into a 6-32 clinch nut 

bend it. located at an appropriate point on the 

For finishing the metal, you will need chassis holds the chassis assembly in 
a can of spray enamel. Sears and Roebuck place. 

epoxy enamel (catalog number To recap, select a tubing size and length 

30F66258), made for painting appliances, which is adequate to house the required 

components, making 
sure to allow room for 
all the controls and 
con nectors to be 
mounted on the front 
and rear panels. Cut the 
front and rear panels to 
the inside dimensions 
of the selected tubing. 
Cut the chassis material 
1/4 inch (6.4 mm) nar¬ 
rower than the inside 
O chassis^-v. I width of the tubing to 

j \ provide a 1/8-inch 

fig.l Exploded view showing relation- // (3.2-mm) clearance in- 

ship of housing and chassis components. . , _ 

Q eno plate side the case. Form the 

chassis from a sheet 



works very nicely. Finally, you will need 
some 6-32 x 1/4-inch (6.35-mm) and 4-40 
x 1/4-inch (6.35-mm) flat-head machine 
screws, and some 6-32 self-clinching 
nuts.* 

layout 


which is as long as the required chassis 
plus twice the inside height of the tubing, 
minus 1/4 inch (6.4 mm). Cut the tubing 
1/2 inch (1.3 cm) longer than the finished 
chassis and panel assembly. Fig. 2 is a 
completely dimensioned layout for a 2 x 
3 x 7-inch (5.1 x 7.6 x 17.8-cm) case. 


The first step is to determine what 
length and size of tubing will be required 
for your project. A little "chess game" 
with the components will help you make 

“Available from Small Parts, Inc., 6901 N.E. 
Third Avenue, Miami, Florida 33138. Part 
number ON632-56, 10 for $1.15 or 25 for 
$2.50. $1.00 handling charge on orders under 
$5.00; postage is included. Catalog available. 


fabrication 

If you can arrange access to a sheet 
metal shear you can cut up a supply of 
panels and chassis stock for the sizes of 
tubing you have on hand. In the absence 
of a shear, cut the parts a little oversize 
with a hacksaw or saber saw and trim 
them to size with a file. Delay cutting the 
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tubing until the chassis and panels are 
assembled. Measure the panel height 
minus 1/8 inch (3.2 mm) from each end 
of the chassis material and bend these 
ends up 90 degrees. Clamp the front 
panel to one vertical end of the chassis so 
that the bottom edge of the panel is flush 


intended component layout, and insert 
the chassis assembly into the finished 
length of tubing so that both panels are 
recessed equally. 

Drill a 0.187-inch (4.8-mm) hole from 
the bottom of the tubing through both it 
and the chassis at this point. Remove the 
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fig. 2. Dimensioned layout for components of an enclosure having a usable area of 
2V2 x7x 2 inches (6.4x17.8x5.1 cm). 


with the underside of the chassis, and 
drill the mounting holes for controls and 
terminals through both pieces at the same 
time. Repeat this process for the rear 
panel. Temporarily assembly the panels 
to the chassis using one or two of the 
controls to hold each end. Check to see 
that the assembled chassis slides smoothly 
into the tubing. Measure the length of the 
assembled chassis, and then cut the tub¬ 
ing 1/2 inch (1.3 cm) longer. Dress any 
rough edges with a file. 

Select a point on the chassis where the 
clinch nut will not interfere with the 


chassis assembly from the tubing and 
swage a clinch nut into the drilled hole in 
the chassis from the top. Countersink the 
matching hole in the tubing to accept a 
flat-head screw. Run a 6-32 x 1/4-inch 
(6.4-mm) flat-head screw through the 
bottom of the case into the clinch nut to 
lock the chassis into the tubing. 

This completes the fabrication of the 
case. To mount circuit components to 
the chassis, use 4-40 x 1/4-inch (6.4-mm) 
flat-head screws inserted from the chassis 
underside, countersinking each hole to 
provide a smooth bottom. 
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finishing 

Prepare the tubing for painting by 
giving it a light sanding. This removes 
surface scratches and provides a slightly 
roughened surface to improve paint adhe¬ 
sion. Next, wash the metal with hot water 
and detergent. To provide a completely 



The Accu-Keyer removed from the case, show¬ 
ing how panel components hold the chassis 
assembly together and the technique for 
mounting the internal components. 


grease-free surface do not touch the metal 
with your fingers. After rinsing with hot 
water, spray the case with two light coats 
of enamel, waiting about a half hour 
between coats. Carefully sanding the out¬ 
side of the panels in a single direction will 
provide an attractive brushed-metal 
finish; alternatively, they too may be 
painted as the case was. The photographs 
show the popular WB4VVF Accu-Keyer 
packaged in this manner. 

variations 

As an alternative to the configuration 
described above, the tubing may be cut at 
an angle to give a "shadow" overhang at 
the top. The enclosure may be oriented 
with the short side of the tubing vertical, 
as in fig. 1, or with the short side 
horizontal when a tall narrow enclosure is 
preferred. Instead of enamel, you may 
wish to try a color anodizing if the 
facilities are available. Whichever way you 
go, you'll be pleased at the result. 

reference 

1. J.M. Garrett, WB4VVF, "The WB4VVF 
Accu-Keyer," QST, August, 1973, page 91. 
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circuits and 
techniques 

ed noli, W3FQJ 


solar energy 

Solar power awaits a rebirth of man's 
wisdom. This form of energy cannot 
maim, endanger or exhaust the earth's 
treasures. The sun's energy is limitless and 
it will be around in quantity long after 
the earth has died. Nuclear and other 
forms of energy are plagued with one or 
more factors such as supply and demand 
limitations, unresolved technical prob 
lems, hazard, and long-term waste- 
disposal concerns. The use of solar energy 
presents no hazard to earth. There is no 
self-destruct potential. Is there any form 
of energy more free of pollution? Is there 
any form of energy or power more 
attractive and worth an all-out effort? Is 
not the sun the source of all energy on 
earth? 

amateurs and solar power 

How would you like to operate a 
solar-powered ham station? You can start 
at the QRPP level and work up—right up 
to the 1-kilowatt input limit. Today the 
initial installation is costly at high-power 
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levels, but a solar power supply for 
low-powered equipment is reasonable and 
certainly will become more so as more 
and more amateurs go in this direction. 
Solar power activities are under way at 
W3FQJ and you will be kept informed. 

some basics 

First, let's put aside the notion that 
solar cells are only effective in bright 
sunlight and that only in the Southwest, 
with its endless clear days and bright sun, 
are solar-powered devices feasible. Actu¬ 
ally, solar cells work quite efficiently 
even in considerable overcast. The secret 
is to match the installation with local 
average climatic conditions. The number 
of cells required for a specific application 
depends directly on the average weather 
conditions at the site. This simply tells us 
that in the East and Northeast, with their 
more generous portion of cloudy days, 
more solar cells are needed per given 
power demand than would be required in 
the sunny Southwest. 

However, for each part of the country 
average solar energy levels have been 
measured for many years. Using this data 
you can select the proper number of cells 
required and add a few additional ones 
for good measure to accommodate a long 
sequence of cloudy winter days. 

To make efficient use of solar light, 
the cell bed, fig. 1 , must be tilted in a 
southerly direction. The average tilt angle 
corresponds with the latitude of the site 
(number of degrees that you are north of 
the equator). If your solar bed is 
mounted where it is readily accessible, 
you can make minor adjustments in this 



angle in spring and fall to compensate for 
the somewhat different path taken by the 
sun across the heavens between dawn and 
dusk. (More exactly, in an astronomical 
sense, compensation is made for the 
changing tilt angle of the rotating earth, 
the sun being in a fixed position.) 

A solar cell system or, more precisely, 
a solar energy or light energy converter, 
can be designed to deliver a certain 
amount of power in daylight. However, 
any solar energy system, to be worthy, 
should also be capable of taking care of 



fig. t. Light-energy converter which could be 
used for a solar-powered amateur radio station. 
{Photo courtesy Spectrolab.) 


nighttime needs. In terms of electrical 
power energy this can be handled by 
chargeable batteries. Thus a 24-hour, all- 
year system requires a light energy con¬ 
verter and a battery pack. Such a system 
can be combined into a completely self- 
sustaining and unattended installation. 

An alternative manual system would 
be one that would permit daytime opera¬ 
tion from the solar converter; nighttime 
operation would be by battery. However, 
the battery's capacity would have to be 
such that it could handle the nighttime 
operating hours and power demand. This 
battery would be charged to desired 


capacity sometime during the day using 
the light energy converter. 

The two big factors in planning a 
successful solar power system involve the 
power requirements and how these 
demands can be met by a solar converter. 
The criteria for the latter were mentioned 
previously. Next consider how the 
average power demand can be estimated. 
A voltage requirement must be met. This 
is accommodated by the number of indi¬ 
vidual solar cells that are connected in 
series for the solar converter. Load 
current must be averaged on the basis of 
day-night operations and then over a 
long-term solar-year basis. 

A practical approach is to determine 
the ampere-hours required per day. This 
figure can be averaged for the solar year. 
Current demand evaluation should also be 
established for nighttime operation as an 
aid in choosing a battery source with the 
required ampere-hour capability. Peak 
power is also a consideration in deter¬ 
mining the peak current demand at any 
time to make certain the solar converter 
and battery pack are capable of delivering 
this current level. After the power 
requirement evaluations are made, the 
solar energy converter is designed to 
deliver at least this amount of voltage, 
current and power based on the solar 
conditions at the mounting site. 

A small safety factor may be advisable 
although initial cost can be kept down by 
not exaggerating possible power require¬ 
ments. It is no great problem to add 
additional solar beds later if an increase in 
power demand is anticipated. 

A functional diagram of a complete, 
unattended system is shown in fig. 2. 
Only a few basic components are needed 
in addition to the light energy converter 
and batteries. A charging diode is needed 
to present a conducting path between the 
converter and the batteries to be charged. 
This diode acts as a one-way path, pre¬ 
venting the batteries from discharging 
into the converter when they have been 
fully charged. This completes the power 
source when using lead-acid storage 
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batteries. An additional voltage regulator like batteries, to obtain a desired con- 

may be advisable to prevent overcharge of verter voltage. Likewise, the current 

nickel-cadmium batteries. Conductors, of capability is increased by connecting the 

course, should have adequate size to cells in parallel. This series-parallel group- 

minimize IR losses. Too great an IR drop ing of cells into an array permits the 

between converter and battery results in construction of a bed of solar cells that 

inadequate charging current. will supply the voltage and current needs 

table 1. Standard 12-volt LEC™ solar-power arrays manufactured by Spectrolab. 

amp-hours generated 


array 

approximate 


under various per day 

approximate 

model 

dimensions 

current 

solar conditions 

2 

weight 

number 

Cinches) 


output 

poor 

average 

good 

Ob) 

12V 

300 mA 

37 x 3 x 

3 

300 mA 

1.1 

1.3 

1.6 

3.8 

12V 600 mA 

37 x 6 x 

3 

600 mA 

2.2 

2.6 

3.1 

9.3 

12V 900 mA 

37 x 9 x 

3 

900 mA 

3.3 

3,9 

4.7 

14.0 

12V 

1.2 A 

37 x 12 x 

3 

1.2 A 

4,4 

5.2 

6.3 

18.6 

12V 

1.5 A 

37 x 15 x 

3 

1.5 A 

5.5 

6.5 

7.9 

23.3 

12V 

1.8 A 

37 x 18 x 

3 

1.8 A 

6.6 

7.8 

9.4 

28.0 

12V 

2.1 A 

37 x 21 x 

3 

2.1 A 

7.7 

9.0 

11.0 

32.6 

12V 

2.4 A 

37 x 24 x 

3 

2.4 A 

8.9 

10.4 

12.6 

37.3 

12V 

2.7 A 

37 x 27 x 

3 

2.7 A 

10.0 

11.7 

14.1 

41.9 

12V 

3.0 A 

37 x 30 x 

3 

3.0 A 

11.1 

13.0 

15.7 

46.6 

12V 

3.6 A 

37 x 37 x 

3 

3.6 A 

13.3 

15,6 

18.9 

55.9 

12V 

4.2 A 

37 x 43 x 

3 

4.2 A 

15.5 

18.2 

22.0 

65.2 

12V 

4.8 A 

37 x 49 x 

3 

4,8 A 

17.7 

20,8 

25.2 

74.5 

12V 

5.4 A 

37 x 55 x 

3 

5.4 A 

20.0 

23.4 

28.3 

83.8 

12V 

6.0 A 

37 x 61 x 

3 

6,0 A 

22.2 

26.0 

31.5 

93.1 

12V 

6.6 A 

37 x 67 x 

3 

6.6 A 

24.4 

28.6 

34.7 

102.4 

12V 

7.2 A 

37 x 73 x 

3 

7.2 A 

26.6 

31.2 

37,8 

111.7 


1. Minimum current output under Standard Test Conditions (STC) Intensity = 100 mw/cm; 2 
Temperature = 0°C to + 60°C. 

2. Usable energy generated for use in a solar power supply system with lead-acid storage 
batteries under typical conditions and based on annual mean solar radiation data for various 
locations in the contiguous United States. 


Silicon solar cells are light-sensitive 
semiconductor devices. P- and N-type 
impurities are added to a basic silicon 
crystal. For example, the basic wafer can 
be a P-type semiconductor. An N-type 
layer can then be diffused a certain depth 
into the wafer, fig. 3. A P-N junction is 
formed between the two layers. When 
light is directed onto the junction, elec¬ 
tron and hole carriers are formed by the 
impacting light photons. The hole carriers 
move to the N-type region; electron 
carriers, to the P-type region. This motion 
of charges across the junction constitutes 
an electric current. The path is completed 
through the external circuit. 

A single solar cell has only a small 
voltage drop and a limited current capa¬ 
bility. Cells are connected in series, just 
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of the light-energy converter. All of these 
must then be assembled in a durable 
frame and support structure, fig. 1, 
including output terminals. 

The assembly must be made as imper¬ 
vious as possible to weather and other 
environmental extremes. A bracket 
arrangement is needed for obtaining the 
proper tilt of the array at the mounting 
site. The solar cells themselves are not 
exposed to the elements because they are 
protected by an efficient transparent 
coating that provides proper diffusing and 
channeling of the arriving light energy. 
Even with considerable icing the con¬ 
version efficiency remains high. 

The directional diode is usually a 
silicon type, selected with proper voltage 
rating and adequate current-carrying 



capability. Keep the diode voltage drop as 
low as possible. 

The chart of table 1 shows the stand¬ 
ard 12-volt light energy converter array 
made by Spectrolab.* The first unit, 
about three-feet (92-cm) long and three- 
inches (75-mm) wide, supplies 12-volts at 



fig. 2, Circuit for a basic solar energy converter 
and battery system. Battery is recharged during 
the day, provides power at night. 


300 milliamperes. This is the minimum 
current under standard test conditions. 
This standard test condition corresponds 
to the solar intensity at noon on a clear 
day when the temperature is 77°F 
(25°C). In designing the system it is 
necessary to derate current values on the 
basis of higher operating temperatures. 
This is done in the design of the partic¬ 
ular array module to be used at a given 
site. The three-column, ampere-hours 
specifications are interesting since they 
represent the useful ampere-hours that 
can be supplied by a solar power supply 
system using lead-acid storage batteries. 
These typical conditions are based on 
annual mean solar radiation data for 
various locations in the continental 
United States. 

batteries 

Battery quality is an important con¬ 
sideration. Low-cost lead-acid cells can be 
charged by solar converters of adequate 
size. However, for all-day, all-year, un¬ 
interrupted service, batteries should be 

*Spectrolab, 12500 Gladstone Avenue, Sylmar, 
California 91342. 


selected more carefully if initial cost and 
efficient operating conditions are to be 
achieved. Inexpensive types have a high 
cell-discharge rate and perhaps a two-to- 
four year potential life. However, high- 
quality lead-acid storage batteries are 
made by various manufacturers. Some of 
these have a self-discharge rate as low as 
10 to 15 percent per year, and have a 
lasting capability of 10 to 15 years in a 
properly designed solar power supply. 
Nickel-cadmium batteries do very well. 

The storage capacity of the battery 
should be based on peak daily use, 
considering also the number of days such 
a system may need to operate at reduced 
solar intensity. In an optimum system it 
is customary to incorporate approxi¬ 
mately seven days of reserve battery 
capacity so as to preclude system failure 
under several days of very low light levels. 

Some quality lead-acid batteries have a 
charging efficiency of 95%. This means 
that 95% of the power delivered to the 
battery ends up as charge. Thus, consider¬ 
ably less power must be delivered from 
the solar energy converter for a given 
level of battery charge. 

amateur requirements 

Radio amateur applications in general 
would not be nearly so stringent. There is 


LIGHT 



fig. 3. Construction of the basic silicon solar 
cell. 


no need for all-day, all-night and all-year 
uninterrupted capability. Perhaps the 
only exception would be for the opera¬ 
tion of a solar-powered fm repeater. 
Consider how many hours per day you 
operate your station. What is the longest 
span of continuous operation, on the 
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average? Do you operate every day? When 
you are on the air what is the ratio of 
your transmit time (when power is 
drawn) compared to your receive and 
listening time? All of the above factors 
mean that the power requirements of any 
solar energy converter for the usual 
amateur radio application can be much 
more modest than the restrictions of 
commercial use. 

Is the average amateur on the air more 
than 2 to 3 hours per day? Even though a 
station may be on the air each day, the 
total hours may actually be less than 12 
per week. No doubt the actual transmit 
time is less than half of the total amount. 
It would be interesting to go through 
your log and determine just how many 
operating hours you have per month. 
When your total operating hours are this 
modest, solar power could be quite 
feasible, even for a 200-watt PEP side¬ 
band transceiver. 

Some sample figures will help to 
clarify power demand. Assume a solid- 
state transmitter that would draw 8 
amperes from a 12-volt source. If the 
transmitter were on continuously drawing 
maximum power, a 60-ampere/hour 
storage battery would operate the unit 
for 5-6 hours on one charge. However, the 
actual transmit time is perhaps less than 
50% of total operating time. Hence the 
battery would not discharge completely 
in six hours (complete discharge is to be 
avoided). Furthermore, using sideband 
transmission, the heavy demand is only 
made on those occasional modulation 
peaks. It is apparent that a good number 
of operating hours are feasible with a 
single charge of a good quality 12-volt 
battery. 

If the battery has a 120-ampere-hour 
capability, a single charge might be ade¬ 
quate for a good number of operating 
hours per week. A trickle charge from a 
solar converter could readily maintain 
battery charge. In fact, you would prob¬ 
ably not even require continuous connec¬ 
tion to the solar converter. Charge time 
during two or three clear days of the 
week would be adequate in most cases. 
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Admittedly, at present production the 
cost of such a solar converter would be 
substantially higher than a conventional 
mains-powered battery charger. However, 
with proper care the life of such a 
converter would be 15 years or more for 
the present state of the art. It offers a 
practical means for conserving precious 
electrical energy and would be especially 
useful for those locations where no elec¬ 
trical power is available for a battery 
charger. Here is an answer for those 
amateurs in countries plagued by elec¬ 
trical black-outs and brown-outs. 



fig. 4. Solar power site installed by the Bureau 
of Land Management at Clark Mountain, 
California. {Photo courtesy Spectrotab.) 


low-power transmitters 

At the QRP and QRPP levels it costs 
very little to get involved with solar 
energy conversion and gain a knowledge 
of the technique. Off-the-shelf photocells 
and associated components can get you 
started at the 100-milliwatt level. Day¬ 
light operating power is no problem at all. 
The addition of a nickel-cadmium battery 
(very low-powered in terms of ampere/ 
hour charge and therefore inexpensive) 
will give you nighttime operation as well. 

Going up to 1 or 2 watts involves very 
little additional cost. An upgrade to 5 to 
10 watts requires a few bucks but adds 
fun, satisfaction and versatility, even to 
powering a low-powered sideband trans¬ 
ceiver. 

ham radio 





tebook 



precision 
voltage supply 
for phase-locked 
terminal unit 

A previous article in ham radio de¬ 
scribed a phase-locked loop RTTY tuning 
unit which requires a stable, well regula¬ 
ted source of +12 volts. 1 Author W4FQM 
suggested using a commercially available 
power supply and described it as, "quite a 
buy for only $38.00." Well, hold on to 
your money fellows, and read on. 


Fig. 1 shows the schematic of the 
precision supply. A full-wave bridge recti¬ 
fier feeds the regulator. The value of Cl 
provides sufficient filtering with the regu¬ 
lator rejecting any remaining ripple. Re¬ 
sistors R1 and R2 determine the output 
voltage based on the following manu¬ 
facture data sheet equations: 

R1 ~ (2V out - 7) kilohms 
R2 = 6.8k 

Resistor R sc and transistor Q1 provide 
short-circuit protection for the regulator. 
When the output short-circuit current 



The power supply described here uses 
an 1C voltage regulator, Motorola 
MC1469G, and two precision 1% resistors 
as special parts. Everything else should be 
available in the average RTTY enthusi¬ 
ast's junk box. Except for these specific 
parts, other values and part types are not 
critical. 


(I sc ) creates a voltage drop across R sc 
large enough to turn Q1 on, the regulator 
output is limited by the saturated col¬ 
lector-emitter across pins 4 and 5. The 
value of R sc is determined by the equa¬ 
tion R sc = (0.6/l sc ) ohms and C 2 < 
(250/R sc ) fj. F, where l sc is expressed in 
amperes and C2 is 250 fiF maximum. 
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performance 

The design I tested uses the values 
shown in the schematic. With the three 
10-ohm resistors in parallel, the value of 
l sc measured was 200 mA. For a nominal 
load current of 50 mA the output voltage 
was 12.235 volts. Changing this load 
current ±10 mA caused the output to 



fig. 2. Alternate resistor configuration for the 
12-volt regulated supply. R5 is a miniature 
multiturn potentiometer. 


The alternate configuration shown in 
fig. 2 can be used in place of the 1% 
metal-film resistors for R1 and R2. Resis¬ 
tors R3 and R4 are carbon composition 
resistors and R5 is a multiturn trimpot or 
a fixed composition resistor. Specific 
values of R4 and R5 are not important so 
long as they can be varied over the range 
of desired output voltage. The use of 
carbon composition resistors will degrade 
the long term stability of the supply but 
should not significantly effect TU per¬ 
formance. 

Transistor Q1 is any general purpose 
npn silicon transistor. Rectifier diodes 
should be greater than 50 volts PIV. A 
clip-on TO-5 heatsink is used as a precau¬ 
tion because the regulator dissipates ap¬ 
proximately 300 milliwatts. 

Elliott Lawrence, WA6TLA 


vary ±1 millivolt. This corresponds to a 
load regulation of ±0.008%. The power 
supply showed a 0.01% change in output 
voltage with a 7% change in the input ac 
voltage. Both of these characteristics 
more than satisfy the ±0.1% regulation 
requirement of the PLL. 

The output voltage was designed for a 
nominal 12.0 volts and measured at 12.23 
volts. This is explained by the approxi¬ 
mately equals sign in the equation for 
resistor R1. The absolute value of the 
output is not critical so long as the 
output is stable. 

construction 

Layout and construction of the circuit 
is not critical except that the manufac¬ 
turer recommends the .001-/uF capacitor 
on pin 4 of the MC1469G 1C must have 
short lead lengths for regulator stability. 
Vector boards and point to point wiring 
is a lot easier than trying to design a 
one-time printed-circuit board. Sockets 
were used for the 1C and Q1 but are not 
necessary. Just make sure when soldering 
the leads that a heatsink is used and all 
soldering is done quickly to avoid over¬ 
heating. 


reference 

1. Ed Webb, W4FQM, "Phase-Locked RTTY 
Terminal Unit," ham radio, January, 1972, 
page 8. 

Collins S-line 
power supply mod 

I found that I had to readjust the 
idling current potentiometer in my Col¬ 
lins 516F-2 S-line power supply quite 
frequency due to changes in the 117-volt 
ac power line. Connecting two 36-volt 
400-mW, 5% zener diodes (1N974Bs) in 
series from the junction of R8 and R9 to 
ground as shown in fig. 3 takes care of the 
problem nicely. 

Ralph Cabanillas, Jr., W6IL/CT1HO 

PIN 4 



fig. 3. Negative bias portion of Collins 516F*2 
power supply, showing two 36-volt zener 
diodes added to regulate the bias. 
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communications 

receiver 



Yaesu Musen has just introduced a 
new solid-state communications receiver, 
the FR-1Q1S, with provision for all-mode 
reception on twenty-one 500-kHz 
amateur and shortwave bands from 160 
through 2 meters. This new receiver is 
designed to be used in transceive, if 
desired, with the new FL-101 transmitter 
which is to be introduced in the near 
future. New solid-state technology, with 
features such as a doubly-balanced mixer, 
offer excellent rejection of cross¬ 
modulation and intermodulation inter¬ 
ference. The FR-101S, which copies a-m, 
fm, ssb, CW and RTTY, has less than 100 
Hz drift in any 30-minute period after 
warmup. Sensitivity is 0.5 /uV for 10-dB 
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signal-to-noise ratio on ssb and CW, 1.0-/rV 
for 10-dB signal-to-noise ratio on a-m and 
12 dB SINAD on fm, comes complete with 
2.4-kHz, 4.0-kHz and 0.6-kHz crystal 
filters (1.5-kHz, 12-kHz and 45-kHz 
filters are available as optional accesso¬ 
ries). Image rejection is 60-dB minimum 
and audio output is two watts into 4 
ohms. 

The FR-101S, which tunes the 160-, 
80-, 40-, 20-, 15- and parts of the 
10-meter band in standard trim, can be 
used on six and two meters and other 
shortwave bands with optional accesso¬ 
ries. Priced at $499, this new receiver is 
available from Yaesu Musen USA Inc., 
7625 East Rosecrans Avenue, Unit 29, 
Paramount, California 09723. For more 
information use check-off on page 94. 

scanner-monitor 
servicing data 

A new edition of Howard Sams' popu¬ 
lar Scanner Monitor Servicing Data is now 
available. This new volume, third in 
a series, covers many of the popular 
Regency units including the MT-15S, 
TME-16H/L, TME-1 6H/LH/U, 
TME-16H/LL/U, TME-16H/LM/U, 
TMR-1H, TMR-1L, TMR-4H, TMR-4L, 
TMR-8H, TMR-8L, TM R-8H/LH, 
TMR-8H/LL and TMR-8H/LM. Included 
are schematics, parts lists and complete 
service adjustments. Other scanners 
covered in this new volume are the 
Electra Jolly Roger; Johnson Hi/Lo Duo 
Scan, UHF/VHF Duo-Scan, UHF Mono- 
Scan and VHF Mono-Scan; Midland 
13-914; Pearce-Simpson Cherokee 8+8, 
Cheyenne 8 (PR-78) and Comanche 16 
(PR-160). Available for S5.95 postpaid 
from Ham Radio Books, Greenville, New 
Hampshire 03048; order book number 
SD-3. Earlier volumes SD-1 and SD-2 
($4.95 each), which provide the same sort 
of complete servicing data on other 
scanner units, are also available. 


More Details? CHECK-OFF Page 94 


slow-scan monitor 





Venus Scientific has introduced their 
new SS2 Slo-Scan Monitor. This Monitor 
is the second generation of Slow Scan 
with many features not previously avail¬ 
able on the market. These features 
include Accu-Sync,™ a diagnostic and 
tuning aid which converts the SS2 Moni¬ 
tor to an oscilloscope by the flip of a 
switch, LED sweep indicators for ease of 
servicing, camera adapter provision which 
enables you to take Polaroid photographs 
right off the air with the P-1 Camera Adapt¬ 
er and simplified independent controls, 
trols. 

The SS2 Monitor's picture size is 
4-7/16-inch (11.3-cm) diagonal, 3—1/4 x 
3-1/8 inch (8.3 x 7.9 cm) with 128 lines. 
It has a 15-Hz line rate and a 8-1/2- 
second frame rate. Video input modula¬ 
tion is fm, 1200 to 2300 Hz. Complete 
details may be obtained from Venus 
Scientific, Inc., 399 Smith Street, Farm- 
ingdale, New York 11735, or use check¬ 
off on page 94. 


rf clipper 


| t I'd 


LLL* 


Holdings of England has introduced a 
unique new rf clipper for use with the 
Yaesu FT-101, Mark 2, that is used on 
both transmit and receive. The extra 
sideband filter provides a noticeable 


You HEAR 
the Difference 


when 

it’s a 

Larsen 

Kulrod 

Mobile 

Antenna 







Larsen Kulrod Antennas are "solid” 
on all scores. They have a low, low 
silhouette for best appearance and 
minimum wind drag. Hi impact epoxy 
base construction assures rugged long 
life. The Larsen mount gives you metal 
to metal contact, has only 3 simple 
parts and goes on fast and easily. 

Anti performance! Larsen Antennas 
for the 144 148 MHz range deliver a 
full 3 db gain over a 1/4 wave whip. 
V.S.W.R. is less than 1.3 to 1. The 
exclusive Larsen Kulrod assures you 
no loss of RF through heat. Handles 
full 150 watts. 

It adds up to superioi performance 
. . . and a difference you can HEAR 1 
Available as antenna only oi complete 
with mounting hardware coax and plug. 
Write today for fact sheet and prices. 


Sold with a full money back guarantee. 
You hear better or it costs you nothingl 


Need a BETTER 450 MHz Antenna? 

Get the Laisen 5 dh yam Phased Collmeat. 
Same ruyyed construction and reliability as 
the 2 miner Larsen Antennas meludmy ex¬ 
clusive Kulrod Write foi lull hurt sheet 


/ \\\ ' Ku " imI 

I 1 1 I .» r* of (r. s«h r*tm 

:: Larsen ftntennas 


1 161 1 N.E. 50th Avc*. P.O Box 1636 

V Vancouver. WA 98663 / 

Phone 206 573 2722 


More Details? CHECK-OFF Page 94 
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Electronics center, inc. 

STILL THE 
PERFORMANCE LEADER 

COLLINS 

KWM-2A 



Unmatched for versatility, depend¬ 
ability and mobility the Collins KWM- 
2A maintains a reputation of out¬ 
standing mobile and fixed station 
performance. 

Collins Filter type SSB Generation 
insures the cleanest signal on the 
air you will hear anywhere. 

Famous Collins PTO gives you the 
stability and accuracy that lets you 
meet anyone on schedule when¬ 
ever you want to be. 

An added feature of the KWM-2A is 
an additional 14 crystal positions 
which enable you to cover addi¬ 
tional frequencies outside the ama¬ 
teur bands. Now you can have a 
transceiver covering MARS Fre¬ 
quencies, press RTTY, etc. 

Let Electronic Center quote on your 
Collins needs. We carry the full line 
of Collins amateur equipment and 
would like to serve you. 

Etortronttt compMir* o* Ham *cc**«or»«* 

4ntennftt WWVA or A* W*rP)(MtorfOyirHAMr^iK3> 

J | • * • ft* tft* • !**$•«! 

electronics center, me. 

r U nn»»!l • D*tLn T* 7 MW * fxttn <M **<+> ***** 
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improvement in adjacent channel selectiv¬ 
ity on receive, and since the gain is added 
after the filter, this gives improved age 
action with an apparent improvement of 
cross-modulation performance. The no 
compromise, all fet design uses a high 
quality input filter that matches the ssb 
filter supplied with the FT-101, Mk 2. A 
diode switch on the output control, in 
conjunction with a controlled fet stage, 
adjusts the gain independently on both 
receive and transmit. On receive the gain 
is set to give a boost of approximately 
two S-units. 

This rf clipper, which should not be 
confused with normal clippers which are 
often no better than a good quality 
microphone, is wired to an octal plug 
which fits into the vfo socket. No modifi¬ 
cation of any kind is required to the 
FT-101, Mk 2 (device cannot be used on 
earlier FT-101). Normal operation with¬ 
out the clipper is restored in seconds by 
inserting a shorted octal plug. Units will 
be shipped from England via airmail. For 
more information write to Holdings Ltd., 
39/41 Mincing Lane, Blackburn BB2 2AF, 
England, or use check-off on page 94. 

bi-directional code 
switches 



Alco Electronics' new SMC Series bi¬ 
directional pushbutton code switches 
maximize reliable performance in a small 
package. These modules occupy a panel 
area only 0.945-inch high by 0.3-inch 
wide, yet the position indicator numerals 
are an easy-to-read 0.2-inch high. The 
compact size is ideal for compact port¬ 
able and mobile applications. Push- 

More Details? CHECK-OFF Page 94 










buttons marked + and - allow the 
operator to advance or reverse numerical 
sequencing. 

Available standard codes include con¬ 
ventional BCD (8-4-2-1), BCD with com¬ 
pliment, and decimal (l-of-10) formats, 
all 10-position types. The numerals of the 
visual readout are 0 through 9, corres¬ 
ponding to the electrical output codes. 
Electrical contact surfaces are gold plated 
for long, trouble-free life. 

Possible applications for SMC switches 
include control of frequency synthesized 
tuners, channel selectors, and preset 
counters and timers. For special applica¬ 
tions, such as 2-meter fm tuners, dummy 
switches (nonfunctioning, but identical in 
appearance) are available, with fixed 
numeral (e.g., "1" or "4"). Switches with 
limit stops, restricting the range of opera¬ 
tion, are also available. For further 
information use check off on page 94, or 
write to ALCO Electronic Products, Inc., 
1551 Osgood Street, North Andover, 
Massachusetts 01848. 

world radio and tv 
handbook 

When a specialized handbook like this 
has gone into its 28th edition, there's 
very little that's "new and exciting" that 
can be said. The World Radio & TV 
Handbook (popularly called the WRH) is 
the only complete and comprehensive 
directory on radio broadcasting through¬ 
out the entire world—from Afars to 
Zambia. Updated during the latter part of 
1973 for use during 1974, the WRH tells 
it all: stations, callsigns, frequencies, 
schedules, languages, power, etc. If you 
want the shortwave schedule for a certain 
country, the WRH is the place to find it. 
If you tune in a new station and wonder 
which one it might be, the List of All 
Shortwave Broadcasting Stations will give 
the information. No casual-and certainly 
no serious—shortwave listener is ever 
without a copy of the latest edition of 
the WRH. 408 pages, softbound, $7.50 
from Ham Radio Books, Greenville, New 
Hampshire 03048. 
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Start your own 2-meter Repeater Club Now. 

• 50% DOWN PAYMENT 

• BALANCE IN 6 MONTHS 

• NO INTEREST CHARGES 

• TOTAL PRICE ONLY $850. 


• 2 METER BIDIRECTIONAL WATTMETER 

• READS TRUE WATTS, FORWARD & REFLECTED 

• POWER RANGES: 10, 50, 100 & 500 WATTS 

• OTHER FREQUENCIES AVAILABLE 

• $49.95 COMPLETELY ASSEMBLED 


SUPER D AND E 

• SUPER D 

• 20 in - 70 out 

• See HAM RADIO 

Dec., 73 

• STILL $59.95 
LIT. AVAILABLE 


KITS STILL AVAILABLE 

• SUPER E 

• 2 in - 40 out 

• See HAM RADIO 

March, 74 

• STILL $49.95 

ON ALL ABOVE. WRITE. 
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/newnew new new\ 

Factory New Semtech Bridge 
Rectifiers 

ALL 10 AMPS 

50 Volt PIV $1.75 ea. 

100 Volt PIV $2.00 ea. 

200 Volt PIV $2.25 ea. 

400 Volt PIV $2.50 ea. 

All Postpaid USA 


NEW NEW NEW NEW 

Factory New Semtech Bridge 
Rectifiers. 

ALL 5 AMPS 

50 Volt PIV $1.25 ea. 

100 Volt PIV $1.50 ea. 

200 Volt PIV $1.75 ea. 

400 Volt PIV $2,00 ea. 

ALL POSTPAID 





Use Standard 7447 Decoder* 
driver. Seven Segment Read* 
outs. All tested and guaran- 
teed. Specs included. Fit stan* 
dard 14 pin DIP socket. Full 
.335 inch high. Color, RED 
Less Decimal $2.00 ppd. 

With Decimal $2.25 ppd. 

With Colon $2.50 ppd. 

Same unit only contains nu¬ 
meral 1 and plus and minus 
sign. $2.25 ppd. 


JUST ARRIVED — Transformer, 
mary, 18 volt, 5 amp ccs or 
mittent duty secondary 

, 115 VAC pri- 
7 amp inter- 
$6.00 ea. ppd. 

General Purpose Germanium Diodes 

Similar to lN34a etc. 16 for $1.00 ppd. 

All Cathode banded. 100 for $5.00 ppd. 

Full leads. 1000 for $40.00 ppd. 

Transformer — American Made — Fully shield¬ 
ed. 115 V Primary. Sec. — 24-0-24 ® 1 amp 
with tap at 6.3 volt for pilot light. 

Price — A low $2.90 each ppd. 

400 Volt PIV at 25 Amp. Bridge 
Rectifier. 

$4.00 ea. or 3 for $10.00 ppd. 

i* * 4 ' 

741 C OP AMP 

8 pin mini-dip 

$.55 ea. ppd. 

723 VOLTAGE REGULATOR 

14 pin dip 

$1.00 ea. ppd. 

NEW NEW NEW 

Guardian Relay 12 Volt DC Coil 
4PDT 5 Amp Contacts 

Guardian Type 1315P-4C-12D 
Removed From New Equipment 
$2.00 ea. ppd. 

^ 1 ^ 


NEW NEW NEW 

3/16 inch Dia. LED Lites 
Red $.25 ea. ppd. 

Green $.40 ea. ppd. 

Yellow $.40 ea. ppd. 

Super BI-LED — Lites red 
with polarity one way and 
green when you reverse the 
polarity. Neat for many 
things. 

Price is a Low $.75 ea. ppd. 



SEND STAMP FOR BARGAIN LIST 
Pa. residents add 6% State sales tax 
ALL ITEMS PPD. USA 

m. wein/chenker 

K 3DPJ BOX 353 • IRWIN, PA. 15642 


impedance bridge 



The Amateur Products Group of 
Delavan Electronics, Inc., has announced 
the development of Dela-Bridge I, which 
is designed to analyze antenna character¬ 
istics and simplify adjustments. This new 
instrument, when excited by a grid dip 
meter or low-power transmitter, quickly 
analyzes existing antenna and feedline 
characteristics, tuning and loading coils, 
and filter and interstage coupling net¬ 
works. A direct readout allows easy 
adjustment for optimum performance. 

Frequency range of the Dela-Bridge I 
is 50 kHz to 250 MHz with a resistance 
range of zero to 500 ohms, balanced or 
unbalanced, logarithmic scale. Excitation 
requirements are one mW to two watts 
maximum. An internal nine-volt battery 
provides power to the instrument, which 
has an accuracy of ±3% at 50 ohms. The 
readout, which is not frequency sensitive, 
provides complete null and reactance 
determination and the internal integrated 
circuit amplifier allows use with low- 
signal inputs. 

Guaranteed by Delavan Electronics for 
one year, the Dela-Bridge I is available for 
$39.95 plus $2.50 for air mail and hand¬ 
ling costs. A ready-to-assemble kit is 
available for $29.95. For more informa¬ 
tion write to Delavan Electronics, Inc., 
14441 North 73rd Street, Scottsdale, Ari¬ 
zona 85260, or use check-off on page 94. 
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In case you haven't noticed, solid-state 
technology has finally caught up to the 
vacuum tube. A good example of modern 
semiconductors at work is illustrated in 
the high-power linear amplifier featured 
in this issue. Modern transistors also 
provide good gain and low noise well into 
the microwave region, and microwave 
power devices are now available. If you 
think the prices are still too high, forget 
for a moment those 2C39s, 2K25s and 
other exotic hardware you bought for 
peanuts on the surplus market. Compared 
with the decade-old list price of vacuum 
tubes that would do the same job, 
modern high-performance semi¬ 
conductors are a best buy. 

While millions of research hours (and 
dollars) have been spent in the pursuit of 
higher gain, lower noise and higher power 
rf and microwave devices, even more has 
been spent in the field of digital logic. 
First it was the low-frequency RTL logic 
family that got all the attention, then 
DTL, TTL, Schottky TTL, ECL and 
cmos — each family offering more speed 
or less power consumption than the last. 
Now IBM researchers have developed a 
silicon structure that creates a vacuum- 
tube triode in silicon. Well, not exactly — 
but the new device has the same space- 
charge-limited current flow that occurs 
between the cathode and the plate in a 
vacuum tube. The value of this achieve¬ 
ment is that it is now possible to build 
very low-power logic that operates in the 
10- to 100-MHz region. 

This new logic, which is called SCL 
(for space-charge-limited), outperforms 
all other logic, power-wise, at switching 
rates over 1 MHz. Cmos circuits, while 
low-power kings at the lower frequencies, 
require more power than SCL devices at 


frequencies above 1 MHz. There is also a 
good possibility that these new SCL 
devices will be very attractive for low- 
level linear amplifiers. When operated at 
starved collector current levels of less 
than one microampere, SCL devices have 
shown current gains as high as 100,000. 
Furthermore, SCL devices theoretically 
should have all the low-noise performance 
of vacuum tubes because they have the 
same built-in noise cancellation that 
comes with space-charge-limited current 
flow. SCL semiconductors, of course, will 
be free of the heater noise that makes 
building low-noise vacuum tubes such a 
problem. 

In an SCL device the space-charge- 
limited current flow takes place in the 
silicon substrate under a conventional 
lateral transistor which is located on the 
surface of the chip. The emitter, base and 
collector, in addition to providing con¬ 
nections to the device, provide the biases 
which form the operating fields that turn 
the n-type substrate into an SCL. The 
positive bias between the surface emitter 
and collector provide the cathode-plate 
potential (although only a fraction of a 
volt as compared to hundreds of volts in a 
vacuum tube, the principle is the same). 
The bias on the surface base creates a grid 
that controls the current between the 
cathode and plate. When the base is 
unbiased, a deep depletion region extends 
down into the silicon chip, virtually 
cutting off current flow. When the base is 
forward biased, the depletion region 
shrinks, allowing current to flow. The 
surface transistor, while notoriously slow, 
is never biased completely on, so it does 
not affect the speed of the SCL. 

Jim Fisk, W1DTY 
editor-in-chief 
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amplifier 

Chances are, when you think of building 
a high-power, high-frequency linear rf 
power amplifier, you immediately think 
of using vacuum tubes. There has long 
been a need for high powered, solid-state 
rf amplifiers that offer highly reliable 
broadband operation, reducing the need 
for regular preventative maintenance. 
However, the achievement of such solid- 
state linear power amplifier (LPA) designs 
has been inhibited by the limitations of 
available transistors. Until recently they 
had low output power levels, required 
elaborate temperature compensation 
schemes and required precise power out¬ 
put control during conditions of high 
load vswr. 

Several months ago, however, TRW 
Semiconductors introduced a new transis¬ 
tor developed for linear high-frequency 
ssb operation that is tolerant of mis¬ 
match, overdrive and wide temperature 
variations. This device is the TRW 
PT6665A/PT5788, rated at 100 watts, 
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either peak envelope power or CW. The 
PT6665A is in a flange-mounted package 
while the PT5788 is the stud-mounted 
version. These devices, in small quantities, 


1000-watts output with only three of the 
basic amplifiers, IMD performance is 
reduced slightly, particularly at the upper 
power levels. 



fig. 1. Block diagram for the broadband solid-state 320-watt rf power amplifier that covers the 
frequency range from 1.5 to 30 MHz. 


cost about $36.00 each. When you con¬ 
sider the simplicity of the design and the 
lack of expensive high-voltage com¬ 
ponents (and a high-voltage power 
supply), this is quite reasonable. How¬ 
ever, you do have to provide a rather 
husky 28-volt dc supply. 

This article shows how to build a 
320-watt (output) linear power amplifier 
using four TRW PT6665As in a two 
push-pull pair configuration. The broad¬ 
band amplifier operates directly from a 
28-volt dc source and covers the fre¬ 
quency range from 1.5 to 30 MHz with¬ 
out tuning. Four of these basic power 
amplifiers can be combined through 
summing networks, as will be discussed 
later, to build a conservative 1000-watt 
linear. Although it is possible to obtain 


The 320-watt linear amplifier shown in 
block form in fig. 1 has a power gain of 
about 17 dB. As can be seen from fig. 2, 
4.5 watts of drive power is all that is 
required for full power output at 30 
MHz; less than two watts of drive is 
required for full rated output on 160 
meters. This amplifier is capable of with¬ 
standing open- and short-circuit load con¬ 
ditions at full power output and the 
intermodulation distortion (IMD) is 
better than -32 dB. If power output is 
held to 250 watts, the IMD performance 
is better than -35 dB as plotted in fig. 
3.* This is better than many vacuum 

*IMD referenced to either of two equal tones as 
is standard amateur practice. IMD must be 
increased 6 dB for reference to peak power, or 
increased 3 dB for average power reference. 


august 1974 SB 7 









INTERMODULATION DISTORTION (dB) 



DRIVE POWER (WATTS) 

fig. 2. Drive requirements for the 320-watt 
power amplifier. 

tubes, particularly the TV sweep tubes 
that are often used in amateur service at 
this power level. The affect of quiescent 
(idling) collector current upon IMD is 
shown graphically in fig. 4. Gain and 
efficiency of the amplifier are shown in 
fig. 5. 

circuit 

Since class-B or -AB linear amplifiers 
are linear only with regard to their 
power-transfer characteristics, the output 
signal contains harmonics that are a func¬ 
tion of the ratio of the cutoff frequency 
to the operating frequency and to the 
selectivity of the output matching net¬ 
work. This indicates that the power tran¬ 
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POWER OUTPUT (PEP WATTS) 

fig. 3. Intermodulation distortion of the solid* 
state linear amplifier at various power levels. 



fig. 5. Gain and efficiency of the 320-watt 
linear amplifier vs supply voltage. 


sistors be operated push-pull. With this 
arrangement, 40-dB rejection of the 
even-order harmonics is readily achieved, 
and the odd-order harmonics can be 
easily filtered. To achieve the goal of 320 
watts output in this amplifier, two pairs 
of TRW PT6665A transistors are oper¬ 
ated in push-pull and their outputs are 
combined in a zero-degree hybrid trans¬ 
former (T8) as shown in fig. 6. 

The input drive to the amplifier is 
divided equally between the two push- 
pull stages by the power splitter, T1, 
another zero-degree hybrid transformer. 
These transformers convert the 50-ohm 
source and load impedances into two 
100-ohm parts which are in phase. Any 



O 0,2 0.4 0.6 08 1.0 1.2 1.4 


QUIESCENT COLLECTOR CURRENT (mA) 

fig. 4. Affect of quiescent (idling) collector 
current upon intermodulation distortion. 
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fig. 6. Schematic diagram of the solid-state 
320-watt linear power amplifier. Complete con¬ 
struction details for the transformers are shown 
in figs. 7 and 8. All resistors are V 2 -watt unless 
otherwise noted. 


amplitude or phase unbalance causes 
power to be dumped into resistors R1 
and R4. The input impedance of the 
amplifier is near 50 ohms on 160 through 
15 meters, going up slightly, to 75 ohms, 
on 10 meters: 


1.8 MHz 

50 + 

j3.5 ohms 

3.5 MHz 

49 + 

jl .0 ohms 

7.0 MHz 

48 + 

jl .3 ohms 

14.0 MHz 

49 + 

j3.2 ohms 

21.0 MHz 

55 + 

j10 ohms 

28.0 MHz 

70 + 

j2.5 ohms 

30.0 MHz 

75 + 

jO ohms 


Cl, C5 

25-/1F, 35-volt electrolytic 

C2, C6 

1000 pF metal clad (Underwood 

C13 

Electric type J-101) 

C14, C15 

150-pF metal clad (Underwood 

C16, Cl 7 

Electric type J-101) 

C19 

5-jUF, 25-volt electrolytic 

C20 

25-/IF, 50-volt electrolytic 

C21 

100-jUF, 35-volt electrolytic 

LI, L2 

5 turns no. 20 enameled on one 

L3, L4 

Fair-Rite CN20 ferrite bead (avail¬ 
able from Amidon Associates) 

L5 

0.56-JtIH molded inductor 

Ql, Q2 

Q3, Q4 

TRW type PT6665A 

Q5 

TRW PT9732 (thermally connec¬ 
ted to heatsink) 

Q6 

TRW PT3117A (200 mA transistor) 

Q7 

TRW 2N5328 (2 amp transistor) 

R5, R6 

2.5 ohms (four 10-ohm, Va-watt 
resistors in parallel) 
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r i 

Twisted pair no. 18 wire, 5 twists per inch (not 
critical), wound through two rows of CN-20 
ferrite beads, 3 beads per row. 


r- j. t5. r& 

Twisted pair no. 18 wire, 5 twists per inch (not 
critical), wound through two rows of CN-20 
ferrite beads, 12 beads per row. 



Terminals 1 and 3: One turn consisting of two 
pieces brass tubing, 0.190" (5 mm) OD, 8.80 M 
(20 mm) long, each piece of tubing threaded 
through 3 CN-20 ferrite beads. Terminals 4 and 
5: 3 turns no. 18 enamelled wire, wound 

through centers of brass tubing. 


Terminals 2 and 3; One turn consisting of two 
pieces brass tubing, 0.190" (5 mm) OD, 2,50" 
(64 mm) long, each piece of tubing threaded 
through 12 CN-20 ferrite beads. Terminals 4 
and 5: 4 turns no. 18 enamelled wire, wound 
through centers of brass tubing. 


fig. 7. Winding details for transformers T1 through T8. All ferrite beads are Fair-Rite type CN-20 
(No. 2643002401), length « 0.190 M (5 mm), OD « 0.380 M (10 mm), ID « 0.190" (5 mm). The 
completed transformer assembly is shown in fig. 8. The CN-20 beads are available from Amidon 
Associates, 12033 Otsego Street, North Hollywood, California 91607; 144 beads, $13.00. 


fig. 8. Construction of the combiner transformers T4, T5, T6, T7 and T8. Transformer T8 is wound 
through two rows of ferrite beads in center; T5 is wound through two rows of beads and is mounted 
above T7 (left), transformer T4 is mounted above T6 (right). Complete winding details are given in 
fig. 7. Inductors L4 and L.5 are to the right next to resistors R5 and R6 (see fig. 11). 
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© TWO REQUIRED 


ololo Oio|o 

o o 

Q ONE REQUIRED - TI,T2,T3 


fig. 9. Printed-circuit board for 
the combiner transformers 
uses single copper-clad board. 
Two pairs of boards are re¬ 
quired for the amplifier. The 
0.190” (5 mm) OD brass tub¬ 
ing is soldered in the holes 
marked with an asterisk. 



© ONE REQUIRED -T4J5 



CUT OUT FOR ff6*L4 
AND R5-L3 


Transformers T2, T3, T6 and T7 each 
employ two ferrite-loaded brass tubes 
which form a center-tapped, U-shaped 
winding. The high-impedance winding is 
threaded, in continuous turns, through 
the brass tubing until the desired turns 
ratio is achieved. Winding and construc¬ 
tion details for these transformers are 
shown in fig. 7 and 8. 

The required turns ratio for the input 
transformer, T1, is determined by: 

N1 = / Z, n ~ 

N2 v Z nom 

where Z in = summing port impedance 
(100 ohms) 

Z nom =VZlf Zhf 

The quantities Z LF and Z HF are the 
complex input impedance of the transis¬ 
tors at the low- and high-frequency 
extremes, respectively. For the TRW 
PT6665A/PT5788, these values are: 


Therefore, Z nom = 5.67 ohms and the 
required turns ratio for the input 
transformer is: 



The turns ratio for the collector trans¬ 
former is determined by the following 
equation: 


N1 / Z L P Q 
N2 ~ J 2(V CC - V sat )2 


where: Z L = 

Po - 

V CC - 
V sa t = 


summing port impe¬ 
dance (100 ohms) 
combined output pow¬ 
er for the pair of tran¬ 
sistors (200 watts) 
collector supply voltage 
(28 volts) 

rf saturation voltage 
(1.5 volts) 


For this amplifier, 


1.5 MHz: Z LF = 8.1 - j8 = |11.38| ohms 
30 MHz: Z HF = 2.0 + ]2s | 2.83! ohms 


NT / 100 x 200 = 3 o 
N2' V 2(28 -1.5)2 
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fig, 10. Full-size printed-circuit layout for the 320-watt power amplifier. Parts placement is shown in 
figs. 1 1 and 1 2. 


The output transformer chosen for the ratio was used in place of the calculated 

amplifier uses the calculated turns ratio. 4.2:1 because it improves the match at 28 

However, for the input transformer a 3:1 MHz. The gain-vs-frequency response and 
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fig. 11. Component layout for the rf power amplifier. Transformer T6 is underneath T4, T7 is 
underneath T5. 

the input impedance match have been and T5) combine with the output match- 

further tailored by the addition of C11, ing transformers to form a modified 

C12, L5 and RIO at the amplifier input. 180-degree hybrid combiner as described 

The collector feed transformers (T4 by Pitzalis and others. 1 The ferrite mate- 

fig. 12. Completed 320-watt linear power amplifier, showing location of the power transistors, 
combiner transformers and other components. In this photograph the input is to the left, output is 
to the right (see fig. 1 1). 
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rial used must have an initial permeability 
of 800 and the permeability must remain 
above 200 at 30 MHz. Losses in this 
ferrite are quite low and the ferrite 
temperature used is typically less than 
20°C at full CW output. The Curie 
temperature is 150°C minimum (165°C 
typical). 

When winding the transformers, care 
must be taken to avoid scraping insula¬ 
tion from the wire. Any burrs should be 
removed from inside the brass tubing and 
a heavy varnished Formvar-type wire 
should be used. Do not use thermal 
strip-away wire because it may break 
down and short out under high-power rf 
loads. 

The bias control circuit used in the 
amplifier is of the temperature-tracking, 
fixed-current type (transistors Q5, Q6 
and Q7). The temperature sensing transis¬ 
tor, Q5 (TRW PT9732), is mounted on 
the heatsink as close as possible to the 
center of the mounting area of the rf 
power transistors Q1, Q2, Q3 and Q4. 



Complete 320-watt solid-state linear showing 
printed-circuit board installed on heatsink. Cir¬ 
cuitry on small board mounted on cover is part 
of the bias-control circuit. 



fig. 13. Heatsink and copper slab hole patterns. 
The heatsink is a Thermalloy 6157 or similar. 
All holes in the copper are drilled to pass a 4-40 
screw; all holes in the aluminum are drilled and 
tapped for 4-40 screws. The printed-circuit 
mounting holes should be located after the PC 
board is drilled. 

construction 

The printed-circuit board for the 
320-watt linear amplifier is shown in fig, 
10. Parts placement is shown in fig. 11. 
This drawing also contains information 
on the location of the power supply filter 



fig. 14. Four of the 320-watt amplifiers can be 
combined, as shown here, to provide 1000 
watts output over the frequency range from 1.5 
to 30 MHz. IMD and drive power for this 
arrangement are plotted in figs. 15 and 16. 
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POWER OUTPUT (PEP WATTS 

fig. 15. IMD performance of the 1000-watt 
linear amplifier. 


components L4/R6 and L3/R5. The loca¬ 
tion of the collector-to-base feedback 
networks—Cl4/R11, C15/R12, C16/R13, 
C17/R14—can be easily determined from 
the photographs. Capacitors C2 and C6 
(not visible in fig. 12) are located on the 
ground strip. Capacitor C2 is between Q1 
and Q2, and C6 is between Q3 and Q4. 

Since considerable heat is dissipated 
by the power transistors, good thermal 
conductivity between the transistors and 
the heatsink must be insured. This is 
accomplished by: 

1. Placing a piece of slab copper be¬ 
tween the transistor flange and the alu¬ 
minum heatsink (see fig. 13). 

2. Sanding smooth the copper slab and 
the heatsink surface as well as the 
bottom of the transistor flange. 

3. Using thermal conductive com¬ 
pound between the copper slab and 
heatsink and between the transistor 
flanges and the copper. 

4. Using cooling air for long trans¬ 
mission periods. 

‘Available from Electronic Navigation Indus¬ 
tries, Inc., 3000 Winton Road South, 
Rochester, New York 14623. 


solid-state kilowatt 

To obtain a very conservative 1000- 
watts rf output over the frequency range 
from 1.5 to 30 MHz, four of the 320-watt 
amplifiers can be combined using straight¬ 
forward, commercially available summing 
circuitry as shown in fig. 14. The input 
power splitter, an ENI model PM 12-4, 
and the output power combiner, an ENI 
model 400-4, are available from Elec¬ 
tronic Navigation Industries.* The overall 
amplifier operates directly from a 28-volt 
dc power supply with a typical IMD of 
-36 to -38 dB at full rated output. Al¬ 
though IMD performance falls off at 
lower power levels, it is better than 
-30 dB for all cases (see fig. 15). 

The drive requirements for the 
1000-watt amplifier, plotted graphically 
in fig. 16, vary from approximately 4.5 
watts at 3.5 MHz to 18 watts at 28 MHz. 
As noted previously, a 1000-watt ampli¬ 
fier can also be built with three of the 
basic 320-watt power amplifiers, but with 
some increase of IMD harmonics, to -30 
dB or so, at the upper power levels. 



fig. 16. Drive requirements for the broadband, 
1000-watt linear amplifier. 


reference 

1. O. Pitzalis, Jr., and T. Couse, "'Broadband 
Transformer Design for RF Transistor Power 
Amplifiers/' U.S. Army Electronics Command, 
Fort Monmouth, New Jersey 
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Almost all amateur operators are involved 
at one time or another in the erection of 
an antenna tower. The construction of a 
tower to withstand the elements, most 
notably wind, is of prime importance to 
the successful operation of an amateur 
station. Yet, very few amateurs bother to 
calculate the wind forces, or wind loading 
as it is technically known, on their 
antennas or towers. This may be because 
there is very little material on this subject 
available in the amateur literature. 

Wind loading is generally considered to 
be a civil engineering subject and there¬ 
fore not suitable for an electronic engi¬ 
neering publication, but when properly or¬ 
ganized, the subject is relatively straight 
forward, requiring at most a knowledge 
of high school physics. Actually, I have 
seen subjects that are much more com¬ 
plex, both physically and mathematically, 
successfully treated in ham radio and 
similar magazines. 

The purpose of this article is to organ¬ 
ize and present the subject of wind 
loading on radio towers in such a manner 
that the average amateur who has the skill 
and ability to assemble and operate an 
amateur station can calculate the wind 
forces trying to overturn his tower. The 
wind loading on parabolic antennas and 
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the use of guy wires will also be briefly 
discussed. 

Much of the material in this article has 
been taken from Electronic Industries 
Association (ElA) Standard RS-222-B, 
dated December, 1972. 1 I highly recom¬ 
mend that anyone planning to construct 
an antenna system obtain a copy of this 
standard as it is easy reading and contains 
much interesting and useful information 
beyond what will be presented here. 

Calculating the wind loading on an 
antenna is a relatively simple procedure: 
First, determine the projected area of the 
tower and antenna. Then, by applying a 
very simple formula the area can be 
converted into a horizontal force for any 
wind velocity. For a free-standing (un- 
guyed) tower which is constrained only at 
the base, this horizontal force develops an 
overturning moment which the tower and 
foundation must resist. The situation for 
a guyed tower which is constrained at 
both top and bottom is slightly different 
in that tensions in the guy wires must also 
be calculated; these will also be consider¬ 
ed. These calculations are all very simple 
and will be discussed using examples. 

projected area 

For the tower and beam example, I 
will use a forty-foot (12.2-meter) tower 
made of four ten-foot (3-meter) sections 
with a 20-meter beam on the top; this is 
typical of installations used by amateurs. 
A typical 10-foot (3-meter) section is 
shown in fig. 1 ; as can be seen, the tower 
has a triangular cross-section with six sets 
of cross braces per side. The main struc¬ 
tural members are at the corners and are 
composed of I’/a-inch (3.2-cm) OD steel 
tubing; the cross-bracing consists of 3/8- 
inch (10-mm) OD rod, each rod 12-inches 
(30.5-cm) long. 

The projected area of each corner leg 
is therefore V/c. x 120 = 150 square inches 
(3.2 x 304.8 = 975.4 square cm). Since 
there are two legs per face 

2 x 150 = 300 square inches 

2 x 975.4 = 1950.8 square cm 


For the cross-braces we have 

0.375 x 12 x2 = 9 square inches 
0.95 x 30.5 x 2 = 58 square cm 

As there are six sets of braces per ten-foot 
(3-meter) section 

6 x 9 = 54 square inches 
6 x 58 = 348 square cm 



fig. 1. Dimensions of a typical 10-foot triangu 
lar tower section. 


Hence, the total surface area is 

300 + 54 = 354 square inches 
1936 + 348 = 2284 square cm 

This is equal to (354/144) = 2.46 square 
feet (0.228 square meters) per ten-foot 
(3-meter) section, as there are 144 square 
inches per square foot. 

It is important to notice that we did 
not calculate the surface area of the 
cylindrical structural members, but in¬ 
stead calculated the projected area. The 
projected area may be defined as the 
outline area or as the area of a shadow 
cast by the member. If the structural 
member has a flat surface, such as a 
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wooden 2x4 or steel angle-iron, the pro¬ 
jected area and surface area will be the 
same, but this is not the case for struc¬ 
tural members with a cylindrical cross- 
section. 

The reason for using the projected area 
can be explained as follows: When a 
cylindrical surface has a uniform pressure 
applied as shown in fig. 2, the com¬ 
ponents applied close to the tangential 
points, such as vectors A and C, exert a 
relatively small component on the cylin¬ 
der parallel to their own direction. The 
radial components that they exert are 
equal and opposite and, hence, cancel 
out. The components applied at the 
center, such as vector B, are fully effec- 



fig. 2. Diagram of wind and reaction vectors on 
a cylindrical surface. 


tive in creating horizontal force on the 
structural member. It can be shown math¬ 
ematically that the wind resistance is 
proportional to the projected area and 
not the surface area. 

In the case of a cylinder the wind 
force is further reduced because the 
streamlining effect of the cylinder makes 
the wind force less than for a flat surface 
of the same projected area. Paragraph 
2.2.4 of reference 1 states that, "the 
pressure on cylindrical surfaces shall be 
computed as being 0.66 of that specified 
for flat surfaces.” This means that when 
dealing with cylindrical structural mem¬ 
bers, the wind forces are two-thirds those 
of flat surfaces, or to say the same thing 
in a different manner, the projected area 
of the cylindrical member may be re¬ 
duced to 0.66 of its actual value. 

In the case of open face or lattice 
towers, one other factor must be con¬ 
sidered. That is the effect of wind blow¬ 
ing through the tower and against the 
back structural elements as this area is 


also effective in developing a horizontal 
force. Paragraph 2.2.5 of reference 1 
states that, 

"For open face (latticed) structures of 
square cross section, the wind pressure 
shall be applied to 1.75 times the 
normal projected area of all members 
in one face. For open face (latticed) 
structures of triangular cross section, 
the wind pressure shall be applied to 
1.5 times the normal projected area of 
all members in one face. For closed 
face (solid) structures, the wind pres¬ 
sure shall be applied to 1.0 times the 
normal projected area." 

The only type of solid structures I can 
think of that would be used by amateurs 
are irrigation tubing, telephone poles or 
wooden 2x4s bolted together. 

It can be noted when dealing with 
lattice-type towers with a triangular cross 
section, and using the cylindrical struc¬ 
tural members which are so popular in 
amateur work, the 1.5 triangular factor, 
when multiplied by the 0.66 cylindrical 
factor, gives 0.66 x 1.5 = 1. Therefore, 
both factors can be neglected when deal¬ 
ing with this type of tower. Although 
these factors may be neglected, they 
should not be forgotten! 

wind force 

So much for area involved. The prob¬ 
lem now is to convert that area into a 
force. El A Standard RS-222-B states in 
paragraph 2.3 that the wind pressure P in 
pounds per square foot is given by 

P = 0.004 V 2 (1) 

where V is the wind velocity in miles per 
hour and 0.004 is the wind conversion 
factor (includes a gust factor and a drag 
coefficient for flat surfaces).* Note that 
the wind force is proportional to the 
wind velocity squared. 

It may be pointed out that the ex¬ 
ponent on the velocity, 2 in this case, is 
itself a function of the velocity. The 

*1 n metric terms the formula is P = 0.0075 V 2 , 
where P is in kilograms per square meter and V 
is velocity in kilometers per hour. 
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factor 2 is a good average value for wind 
velocities in, say, the 30- to 100-mph (48- 
to 161-kph) region. For extremely low 
velocities, say, less than about 10-mph 
(16 kph), wind force is linear with velo¬ 
city. As wind velocity approaches the 
trans-sonic region, the exponent becomes 
very high. This is why supersonic aircraft 
require such large engines. 

It is interesting to digress for a mo¬ 
ment and consider eq. 1 in a different 
light. By applying Newton's third law 
(action and reaction), eq. 1 also gives the 
wind resistance when an object is driven 
at a given velocity through still air. For 
example, a standard size automobile pre¬ 
sents a frontal area of about 25 square 


since we have calculated the projected 
area, this can be converted to a horizontal 
force at any given velocity by using eq. 1. 
The only question remaining is what wind 
velocity to design for. Fortunately, 
RS-222-B comes to our aid again. Table 1 
and the accompanying map of fig. 3 give 
the recommended horizontal design wind 
pressures in pounds per square foot and 
kilograms per square meter for various 
parts of the United States (windloading 
zones) and for various heights above 
ground. RS-222-B also has a table giving 
the zones by states and counties, which 
will not be reproduced here because of 
space limitations. If you cannot pinpoint 
your location precisely from fig. 3, you 


table 1. Recommended horizontal design wind pressures in pounds per square foot 
(kilograms per square meter given jn parenthesis). Wind-loading zones for the United 
States are shown in fig. 3. 



wind-loading zone 

height zone (above ground) 

A 

B 

c 

Portion of tower 300 feet (19.4 
meters) and under 

30 (146.5) 

40 (195.3) 

50 (244.1) 

Portion of tower 301 to 650 feet 
(91.7 to 198 meters) 

35 (170.9) 

48 (234.3) 

60 (292.9) 

Towers 651 feet (198.5 meters) 
and higher shall be designed for 

50 (244.1) 

65 (317.3) 

85 (415.0) 


uniform wind pressure for their 
entire height 


feet (2.3 square meters) so at 60 mph 
(96.6 kph) requires 

P = 0.004 x 60 2 x 25 = 360 pounds of 
force 

P = 0.0075 x 96.6 2 x 2.3 = 161 kilograms 
of force 

just to overcome wind resistance. Note 
that increasing the velocity by \[2 = 
1.414 (from 50 to 70 mph [80 to 113 
kph], for example) will double the wind 
resistance. Couple this with the fact that 
the efficiency of a typical automobile 
engine is much less at 70 (113 kph) than 
at 50 mph (80 kph) — it's easy to see why 
fuel consumption increases astronomical¬ 
ly at higher speeds. 

wind-loading zones 

Returning to our original problem, 


may want to consult the table of counties 
in RS-222-B. You may also assume the 
more severe wind-loading zone. 

The data for both table 1 and fig. 3 
were obtained by statistical methods 
from long-term weather observations 
based on wind velocities that should not 
be exceeded, on the average, more than 
once every 50 years. The work is des¬ 
cribed in a paper by H.C.S. Thom. 2 A 
later paper on this same subject has also 
been published by Thom. 3 Both Thom 
papers are highly statistical and the EIA 
map offers much more usable informa¬ 
tion for the average individual. 

Most amateur towers will fall in the 
300-feet-and-under (91.4 meters) cate¬ 
gory for which table 1 gives wind loading 
of 30, 40 or 50 pounds per square foot 
(146.5, 195.3 and 244.1 kg per square 
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meter) respectively, for wind zones A, B 
and C. Putting these numbers into eq. 1 
gives wind velocities of 86.6, 100 and 112 
miles per hour (139.4, 161 and 180 
kilometers per hour). Since I live in the 
metropolitan Washington, D.C., area 
which is clearly in wind loading zone A, I 


a total horizontal force of 

(2.44 square feet) x (30 Ib/sq ft) 
= 73.2 pounds, horizontal force 

(0.226 square meter) x (146.5 kg/m 2 ) 
= 33.2 kg, horizontal force. 

For later computational reasons we will 



fig. 3. Location of wind-loading zones in the United States (from El A Standard RS-222-B). 


will design for wind loading of 30 pounds 
per square foot (146.5 kg per square 
meter) or 86.6 mph (139.4 kph). 

practical example 

Returning to the problem, we have 
already calculated that the projected area 
of a ten-foot (3-meter) section of tower is 
2.46 square feet (0.228 square meter). 
Applying correction factors of 0.66 for 
cylindrical structural members and 1.5 
for a triangular tower gives 

2.46 x 0.66 x 1.5 = 2.44 square feet, 
(0.228 x 0.66 x 1.5 = 0.226 square 
meter) projected area 

Assuming a wind velocity of 86.6 mph 
(139.4 kph) (or 30 pounds per square 
foot [146.5 kg per square meter] — gives 
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assume this force is uniformly distributed 
along the length of the tower. This results 
in a loading of 

73 2 lb 

—= 7.32 pounds per foot of tower 

33.2 jc g_ _ iii ^ meter of tower 
3 meters 3 K 

As previously stated, I intend to use four 
10-foot (3-meter) sections to give the 
tower 40-feet (12.2-meters) height. This 
gives the situation shown in fig. 4 for a 
total horizontal force of 

F = 40 x 7.32 = 292.8 pounds 
F = 12.2 x 11.1 = 135.4 kilograms 

Because the tower is constrained at the 
bottom and free at the top (unguyed), 
the effect of this force is to cause the 



tower to rotate about the horizontal axis 
through its base, i.e. fall down. 

In physics, a force that causes an 
object to rotate is called a moment or a 
torque and is defined as a force multi¬ 
plied by a distance or 

moment = force x distance (2) 

The units are pound-feet (dyne-cm). 

The problem now is, ",How do we 
translate a uniformly distributed horizon¬ 
tal force into a single overturning mo¬ 
ment?" Luckily, the answer is quite 
simple; a uniformly distributed force will 
generate the same moment as a single 
force with the same total value acting at a 
point midway on the structure. Hence a 
uniformly distributed force of 7.32 
pounds/foot (11.1 kg/meter) along the 
tower will generate the same moment as a 
single force of 292.8 pounds (135.4 
kilograms) acting at the mid-point of the 
tower. This is shown in fig. 5. This gives 
an overturning moment of 

M = 20 x 292.8 = 5856 pound-feet 

M = 6.1 x 135.4 = 825.9 kilogram- 
meters (8.2 x 20 10 dyne-cm) 

This is the moment developed by the 
tower alone; now let's put a HyGain 
Model 203-BA three-element, 20-meter 
beam on the top of the tower which, 



fig. 4. Uniform horizontal force on a tower. 


according to the manufacturer, has an 
area of 3.08 square feet (0.286 square 
meter). A wind loading of 30 pounds per 
square foot (146.5 kg/m 2 ) (86.6 mph — 
139.4 kph) will develop a horizontal 
force of 

(30 lb/ft 2 ) x (3.08 ft 2 ) = 92.4 pounds 

(146.5 kg/m 2 ) x (0.286 m 2 ) = 41.9 

kilograms 

on the antenna which in turn will gen¬ 
erate a moment of 

M = 92.4 x 40 = 3696 pound-feet 

M = 41.9 x 12.2 = 511.2 kilogram- 
meters (5.01 x 10 10 dyne-cm) 

at the top of the tower. The total 
overturning moment acting on the tower 
is then 

M = 3696 + 5856 = 9552 pound-feet 

M = 511.2 +825.9= 1337.1 kilogram- 
meters (13.1 x 10 10 dyne-cm) 

This combination is shown in fig. 6. This 
may be considered as a single force of 
9552 pounds acting at a distance of one 
foot above the ground, a force of 
9552/20 = 477.6 pounds acting 20 feet 
up the tower, as a force of 238.8 pounds 
acting at the top of the tower, or any 
other combination of force multiplied by 
distance whose product is 9552 pound- 
feet as shown in fig. 6. 

In metric terms, this may be consider¬ 
ed as a single force of 1337.1 kilograms 
acting at a distance of one meter above 
the ground, a force of 1337.1/6.1 = 219.2 
kilograms operating 6.1 meters up the 
tower, as a force of 109.6 kilograms 
acting at the top of the tower, or any 
other combination of force multiplied by 
distance whose product is 1337.1 kilo¬ 
gram-meters. 

The antenna and tower combination 
used in this example is relatively modest 
compared with some antennas, and yet, 
the overturning moment is nearly 5 tons 
on a one-foot arm! 

The tower must be strong enough to 
transmit this moment to the foundation; 
the foundation, in turn, must be designed 
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to have a moment of its own that, when 
combined with the soil resistance, will 
resist this overturning moment with an 
acceptable margin of safety if the tower is 
to remain standing. 

The design of tower structures them¬ 
selves would take us into the subjects of 
structural mechanics and strength of 
materials; foundation design would add 
soil mechanics. These subjects are all well 
beyond the scope of this article. We will, 


capable of supporting the guy wires. 
While very few amateurs are so fortunate, 
or unfortunate, as to have a 700-foot 
(213.4-meter) tower, the savings in mater¬ 
ial of a guyed tower is obvious. 

A disadvantage of guyed towers is the 
additional real estate required for guy 
wires. In a commercial installation, the 
designer would compare the cost of real 
estate against the cost of additional steel 
and concrete required to make the tower 
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fig. 5. The overturning moment caused by the uniform wind force in (A) is exactly the same as the 
overturning moment generated by the singie mid-tower force in (B). 


however, briefly discuss guying since guy 
wires can significantly reduce foundation 
requirements. 

guying 

Guyed towers have the advantage of 
requiring much less structural material 
than self-supporting towers. As an ex¬ 
ample, a self-supporting 700-foot 
(213.4-meter) steel tower of conventional 
design will weigh about 460,000 pounds 
(208,651 kilograms). A comparable 
guyed tower will weigh about 200,000 
pounds (90,718 kilograms) including the 
weight of the guys. It should be remem¬ 
bered that a guyed tower must also be 


self-supporting. For the amateur who 
must install his tower in a residential 
neighborhood additional considerations 
are aesthetics and the whims of his wife. 
This last consideration, unhappily, is not 
amenable to a rigorous engineering analysis. 

Assume now that the same 40-foot 
(12.2-meter) antenna and tower as pre¬ 
viously described has a set of guy wires 
30-feet (9.1-meters) from the base of the 
tower, as shown in fig. 7. From the 
Pythagorean theorem the length of the 
guy wire is 


V 40 2 + 30 2 = 50 feet (15.2 meters) 
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The angle with respect to ground is 
40 

Q = tan 2 q~ = 53.1 degrees 

For the sake of simplicity, we will con¬ 
sider only one guy wire. This is actually 
the case when the wind is blowing toward 
the tower from the direction in which the 
guy wire under consideration is anchored. 

It is not generally appreciated, but a 
guy wire converts an overturning mo- 



uniformly distributed over the length of 
the tower, we will assume that one-half 
the constraining force — 146.5 pounds 
(66.5 kg) — is located at the top of the 
tower and one-half at the bottom. The 
horizontal force on the antenna — 92 
pounds (41.7 kg) — will be assumed to be 
located entirely at the top of the tower. 
This is shown in fig. 8. 

This allocation of reactions given may 
seem arbitrary, but it is difficult to 



© O 

fig. 6. The overturning moment in (A) is the same as the overturning moment in (B). See text for 
calcu lations. 


ment into increased downward stress on 
the tower. As previously noted, the total 
horizontal force in this example is 293 
pounds (132.9 kilograms) on the tower 
plus 92 pounds (42 kilograms) on the 
antenna. Since the top of the tower is 
now constrained by the guy wires, the 
overturning moment is zero. For this 
reason the structural requirements on the 
tower and foundation are greatly reduced 
because these items need only support 
the weight of the assembly and the 
additional load imposed by tension in the 
guy wires. 

Because the horizontal force on the 
tower — 293 pounds (132.9 kilograms)—is 


visualize a mechanism by which the 
92-pound (41.7-kilogram) horizontal 
force of the antenna can be transmitted 
to the base of the tower without genera¬ 
ting a moment. Also, if there is any error, 
the forces in the guy wire will be over¬ 
estimated and not underestimated. The 
tension in the guy wire may be resolved 
into a horizontal and a vertical com¬ 
ponent. The horizontal component must 
be 238.5 pounds (108.2 kilograms) since 
it must exactly equal the horizontal 
windload (146.5 + 92 pounds or 66.5 + 
41.7 kilograms). The tension in the guy 
wire itself may be calculated by setting 
up a vector diagram as in fig. 9. 
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F =» = £§£? - 397 2 pounds 

F gw = sin^Vy * 181 kilo 9 rams 

where F gw is the force on the guy wire 
and the additional vertical component 
which must be resisted by the tower is 

F ' = srM9* =3,8pounds 

F '' = s?Mr = 144 ' 2l<il09rams 

In other words, an 86.6-mph (139.4 
kph) wind will develop a tension of 397.2 
pounds (180.2 kilograms) in the guy wire 
and an additional vertical load of 318 
pounds (144.2 kilograms) on the tower. 
This vertical load is more than the weight 
of the antenna! It should also be empha¬ 
sized that these loads are in addition to 
the vertical loads caused by the initial 
tension in the guy wires. 

The vertical load can be reduced by 
making the guy wires longer; i.e., moving 
the bottom end of the guy wire farther 
out from the base of the tower. As the 
guy wire approaches the horizontal, the 
vertical component approaches zero and 
guy-wire tension approaches the total 
wind load at the top of the tower — 
238.5 pounds (108.2 kilograms). 



fig. 7. Guy wire arrangement. Length of guy is 
easily calculated by use of the Pythagorean 
theorem. 


146.5 + 92-238.5 LB 
(66.5 + 4f,7 - iOB.2 kg) TOWE* 



fig. 8. Horizontal forces of tower and antenna 
on a guyed tower. 


So far we have considered the involve¬ 
ment of just one guy wire. When con¬ 
sidering two guy wires you might think 
that for the same horizontal wind load, 
the tension in each guy wire would be 
one-half the tension for one wire. Unfor¬ 
tunately, it does not work out that easily. 
Let's consider a tower held by three guy 
wires at 120° intervals, as shown in 
fig.10. This is a typical arrangement. If 
the wind blows in the direction of arrow 
A, guy wire number-1 takes the wind load 
and the situation is as explained for one 
guy wire. If the wind blows as shown by 
arrow B, things are slightly different, as 
shown by the vector diagram in fig. 11. 
Using the same numbers as in the ex¬ 
ample above, the horizontal wind load of 
238.5 pounds (108.2 kilograms) is shared 
equally by guy wires 1 and 2, so we allow 
119.3 pounds (54.1 kilograms) on each. 
In this case the third guy wire carries 
none of the load. The horizontal force in 
the direction of each guy wire is thus 

f h • siw ° 2385 pounds 

Fh = cos 60° = 108,2 kilograms 

As in the preceeding example, the 
tension on each guy wire is 397.2 pounds 
(180.2 kilograms) and the vertical com- 
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HORIZONTAL WIND FORCE 
238.5 LB 



fig. 9. Vector diagram of guy wire tension. 
Note that the vectors represent reactions in 
the guy wire and not the forces acting on 
the guy. 


ponent for each guy wire is 318 pounds 
(144.2 kilograms) — a total of 715.2 
pounds (324.4 kilograms). The total is 
thus twice the vertical load generated by 
a wind blowing in the same direction as 
any one guy wire. It is easy to see that 
wind loads can add up pretty quickly! 

The use of guy wires imposes a penalty 
in that the tower and foundation must be 
designed for greater vertical loads. The 
advantage of guy wires is that the tower 
and foundation need not be designed to 
resist an overturning moment. The tower 
designer's choice is between vertical loads 
and overturning moments. Also, it is 
much more expensive to build to resist 
the overturning moment than it is to 
withstand a straight vertical load. 

An important factor to be considered 
in the installation of a guyed tower is the 
initial tension in the guy wires. If the guy 
wires are too loose, the tower will sway 
excessively. If the guys are pulled too 
tightly, an excessive vertical load may be 
put on the tower. In fact, in large 
installations it may be possible to buckle 
the tower with excessive initial tension. It 
is therefore necessary to compromise 
between stiffness and reasonably sized 
structural members in the tower. 

antenna size 

In an earlier example we assumed the 
area of the antenna was known from the 


manufacturer's data. If the antenna is 
homemade, I suggest that you calculate 
its area the same as you would for the 
tower. Consider each element separately 
and apply the cylindrical correction fac¬ 
tor. Calculate the area looking down the 
axis of maximum radiation and also at 
right angles to this axis. Choose the area 
that is larger. 

Because of the increasing interest in 
1250 MHz and above, and the easy 
availability of parabolic antennas with 
solid reflectors, it is both interesting and 
instructive to apply the above principles 
to a parabolic dish and compare these 
with a tower. We will assume a dish with 
a 10-foot (3-meter) diameter and a 100 
mph (161 kph) wind. From eq. 1 the 
wind pressure caused by a 100-mph (161 
kph) wind is 40 pounds per square foot 
(195.3 kilograms per square meter). The 
projected area is 


7rd 2 tt(10)2 nr 

\— = 78.5 square feet 


4 4 

7rd 2 _ 7 t(3) 2 _ 


4 4 


= 7.3 square meters 
and the total horizontal wind pressure is 


(78.5 ft 2 ) x (40 lb/ft 2 ) = 3140 pounds 

(7.3 m 2 ) x (195.3 kg/m 2 ) = 1426 kg 

If a 10-foot (3-meter) antenna is to 
look at the horizon to see a rising 
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fig. 10. Tower held by three equally displaced 
guy wires. 
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fig. 11. Vector diagram of loads in the case of 
two guy wires. 


satellite, as shown in fig. 12, the mount¬ 
ing structure must be at least 6-feet 
(1.8-meters) tall to provide ground clear¬ 
ance. Thus, the minimum overturning 
moment will be 

(3140 lb) x (6 ft) = 18,840 pound-feet 

(1426 kg) x (1.8 m) = 2566.8 kilo¬ 
gram-meters (25.17 x 10 10 dyne-cm) 

Note that a 10-foot (3-meter) parabolic 
dish mounted on a 6-foot (1.8-meter) 
support has approximately twice the 
overturning moment of a 3-element, 
20-meter beam mounted on a 40-foot 
(12.2-meter) tower. 

Unfortunately, this is not the whole 
story. The above calculations are for a 
head-on wind. Experiments have shown 
that the greatest wind force on a para¬ 
bolic antenna occurs not for a head-on 
condition, but when the wind is blowing 
at an angle to the antenna axis as shown 
in fig. 13. 

For the antennas of one manufactur¬ 
er 4 , this wind angle is 56° and the 
maximum force is 10-percent higher than 
for a zero-degree wind angle. The reason 
for this is that at some wind angles the 
rear surface of the dish acts as an air-foil 
which develops lift in a manner similar to 
an aircraft wing, thereby increasing the 
horizontal force on the antenna. 

Because this extra force depends on 
the shape of the antenna, it may not be 
the same for all parabolic antennas. The 
antenna parameter that has the greatest 
effect on this additional lifting force is 
probably the focal length of the antenna 
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as this determines how deep the dish 
must be for a given diameter and hence 
will effect the lift/drag coefficient of the 
dish. It is not practical to give lift 
coefficients or angles of maximum wind 
loading for all cases, but a 10-percent 
increase in wind loading due to lift at an 
angle of 56° is probably a good approxi¬ 
mation for most parabolic antennas. 

The relatively large wind loading of a 
parabolic dish can be considerably re¬ 
duced by perforating the dish. If the 
holes are small compared to the wave¬ 
length of operation, the effect on antenna 
performance will be negligible, but the 
wind loading will be decreased consider¬ 
ably. 

ice loading 

The preceding material has not con¬ 
sidered the effect of ice. The magnitude 
of the additional load imposed by ice will 
depend on your location. Do you live 
in Miami, Florida, or Bismarck, North 
Dakota? The effect of ice, of course, is to 
increase the projected area of the struc¬ 
tural members, thereby increasing the 
wind load. Unfortunately, it frequently 
occurs in many parts of the country that 
the strongest winds occur during ice 



storms, thereby compounding the prob¬ 
lem. If you feel you should consider ice 
loads, I suggest you contact the chief 
engineer of a local broadcast station and 
find out what ice thickness his towers are 
designed to handle. Calculate the pro¬ 
jected areas when loaded with the maxi¬ 
mum expected thickness of ice. Remem- 




fig. 13. Relationship of parabolic antenna and 
direction of wind exerting maximum force. 


ber, too, that ice coats both sides of the 
structural members so that a 1/2-inch 
(13 mm) radial thickness of ice will 
increase the overall dimensions by 1 inch 
(25 mm). 

summary 

In the above material I have shown 
how to calculate the overturning mo¬ 
ments caused by wind forces on antenna 
structures of the type used by most 
amateurs. These forces can be appreci¬ 
able, especially when augmented by ice. 
Parabolic antennas have even higher wind 
loadings. I have also discussed the use of 
guy wires, and have shown how these 
eliminate the overturning moment but 
increase the vertical loads on the tower. 

The procedure for calculating the 
wind loading on a conventional tower/an¬ 
tenna combination may be summarized as 
follows: 

1. Calculate the projected area of the 
tower. 

2. Apply the appropriate correction factor 
for cylindrical surfaces and/or triangular 
or square cross section, as necessary. 

3. Determine the maximum expected wind 
velocity. 

4. Calculate the horizontal force on the 
tower. 

5. Determine the effective area and hori¬ 
zontal force on the antenna. 


6. If the tower is guyed, calculate the 
tension in the guy wires due to wind 
loading and determine the additional ver¬ 
tical loading of the tower. 

7. If the tower is free standing, deter¬ 
mine the moments on both the tower and 
antenna separately, and add. 

The wind loading on a parabolic dish is 
calculated in the same manner as on any 
other structure, but maximum wind load¬ 
ing will occur at an angle to the main 
antenna beam and the numbers will be 
surprisingly high. Towers, like people, can 
carry only a limited load before they start 
to sway. A good man knows his own 
limit; a good amateur knows his tower's 
limit. 
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“Right now he’s out of this world .... 
He just bounced a signal off of the moon!" 
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scanning 

for two-meter fm 

A discussion of 
vhf scanner-monitors, 
how they work, 
and how they 
may be used 


receivers 

I two-meter activity was mostly a-m, scat¬ 
tered over a relatively large portion of the 
band, with no definite channelization 
outside of a few local net frequencies. 

Newer monitor receivers couple crystal 
control with the ability to search through 
many channels for activity by using 
digital logic techniques for scanning. The 
n scanner receiver sequentially looks at 

^ four, six, eight or even ten channels 

prechosen by the user. Amateur use of 
.2 monitor receivers has increased due to 
5, both the availability of reasonably priced 
> models and the channelization of our 
c - own two-meter fm activity. 

s , 

§> simple scanner 


on vhf fm 


For many years vhf fm monitor receivers 
have enjoyed a modest but reasonably 
steady popularity with a variety of police 
officers, firemen and assorted buffs, both 
amateur and professional. Those early 
models suffered from most of the same 
ills which blessed contemporary amateur 
vhf equipment: instability, difficult tun¬ 
ing and so forth. 

The introduction of crystal-controlled, 
solid-state models increased the popular¬ 
ity of the monitor receiver within the 
original market but still did not cause a 
widespread interest among amateur radio 
operators. In those days, you will recall, 


< 

n 

6 


X) 

CO 

O 

cc 

0 ) 

a 

O 


o 

z 

IX) 

CM 

CM 

> 

a. 

5- 

* 


CD 

o 


.c 

a 

0) 

O 

-> 


Dual-receive Citizens Band equipment 
is neither vhf-fm nor amateur but is 
sufficiently simple and representative 
enough to warrant our consideration—if 
only for instructional purposes! 

CB scanners were developed so that a 
single unit could be used to simultaneous¬ 
ly monitor a regular working channel and 
the national emergency channel. The 


fig. 1. Block diagram of a typical dual receive 
CB scanner receiver. A J-K flip-flop alternately 
grounds the 23-channel synthesizer crystal 
bank, then the Channel-9 crystal, permitting 
simultaneous monitor capability. 



CONTROL 

(INHIBIT) 
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LED 


design. 


scanner logic switches the receiver back 
and forth between the channel selected 
by the multi-crystal synthesizer and 
channel 9. An increase in the age voltage, 
indicating that a station is in the pass- 
band, causes the scanner to stop seeking 
and latch onto the signal. Basic operation 

Scan Monitor manufactured by Pace is typical 
of scanners used by amateurs for two-meter fm. 
(Photo courtesy Pace). 



of the circuit is shown in fig. 1. A J-K 
flip-flop selects which local oscillator is in 
control of the receiver at any instant of 
time. An inhibit signal causes the circuit 
to latch when the age voltage is above a 
certain level. 

vhf scanners 

A typical vhf fm scanner is usually a 
double-conversion receiver such as that 
shown in fig. 2. A local oscillator, operat¬ 
ing from crystals selected by the scan 
logic, is connected to a mixer where it 
beats against the incoming rf signal to 
produce a high i-f in the 10- to 13-MHz 
range, with 10.7 MHz being most popu¬ 
lar. A second mixer heterodynes the 
output of another crystal oscillator 
(11.155 MHz in this case) to produce a 
low i-f (usually 455 kHz). This signal is 
then handled by the receiver i-f and 
detector stages in the usual manner. 

The squelch circuit of the monitor 
receiver does more than just keep the 
output quiet in the absence of a signal: it 
provides the stop command signal to the 
scanner. Without this ability scanning 
would be little worse than a useless 
nuisance. 

scanning logic circuits 

Fig, 3 shows the partial schematic of a 
scanning circuit. A unijunction transistor, 
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fig. 4. Logic diagram of a four-channel decoder using one dual J-K flip-flop 1C and one quad two- 
gate (A). Waveform diagram showing design rationale for the four channel scanner is shown in (B). 


The control portion of the circuit inter¬ 
rupts, on command, the flow of pulses to 
the SN7490 decade counter. 

The Binary Coded Decimal (BCD) 
output from the counter is fed to a 
decoder which selects one of several 
output lines each time an input pulse is 
received. Examples can be found where 
the decoder is a suitable connection of 
NOR/NAND gates or an octal or decimal 
decoder 1C such as found in decimal 
counting units. 

The simple four-channel scanner in fig. 
4A uses two J-K flip-flops (which are 
usually housed on the same 1C chip) and 
four two-input gates (also usually a single 
1C). This circuit sequentially selects from 
among a bank of four crystals. 

Waveforms which explain the opera¬ 
tion of this circuit are shown in fig. 4B. 
The NAND gates are wired to the flip- 
flops in such a way that they produce a 
grounded output (logic zero) only when 
both inputs are high (logic 1). Notice the 
waveforms from FF1 and FF2 under¬ 
neath clock pulse number 1. At this time 
only the Q of FF1 and the 0 of FF2 are 
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Q1, operates as a pulse-generator clock. 
This circuit supplies sawtooth pulses to 
the pulse-shaping and control circuit. In 
that section the pulses are changed so 
that the counter circuits to follow see the 
abruptly changing waveforms they like. 


OUTPUT 

LINES 


fig. 3. Partial schematic of the scanning logic of 
a typical receiver. In this design the BCD lines 
from the counter are decoded into N distinct 
output lines where N is the number of channels. 
The easy availability of 1C octal and decimal 
decoders make eight- and ten-channel designs 
especially appealing. 














CHANNEL f 
SWITCH 



fig. 5. A simple four-channel scanner can be 
made to scan twice as many channels with only 
the added complexity of an odd-even selector. 
In this case the normal scan logic is the same 
for both channels—which is selected during any 
given interation of the logic signal is determined 
by the odd-even flip-flop. 


high so they are used to drive gate 1. 
When clock pulse 2 arrives the Q output 
of FF1 and the Q of FF2 are high while 
all others are low. They are used to drive 
gate 2. This sequence continues through 
all four pulses from the clock, then 
repeats. 

Most scanner receivers offer more than 
four channels. In fact, the standard seems 
to be eight. Since the binary system is 
based on powers of two it might be 
imagined that a mere doubling of the 
circuit of fig. 4 would suffice. In actual¬ 
ity, however, the gating of eight channels 
is a bit more complex. 

A few receivers simultaneously scan 
two four-channel crystal banks which are 
designated odd and even. One additional 
flip-flop sequentially selects from these 
two alternate banks. An example of the 
odd-even select system is shown in fig. 5. 

crystal switching 

Transistor Q1 in fig. 6 is the regular 


vhf overtone crystal oscillator used to 
drive the first mixer. Although the cir¬ 
cuitry for only one channel is shown 
here, assume that each channel will have a 
similar arrangement. The cold end of the 
crystal, Y1, is grounded through transis¬ 
tor Q2 when Q2 is turned on by com¬ 
mand from the logic circuit. 

When the logic circuit selects the 
channel a positive voltage is applied to 
the base of the appropriate switching 
transistor. This saturates the transistor, 
causing a collector-emitter resistance of 
only a few ohms. Under this condition 
diode CR1 is forward biased (allowing the 
crystal to be grounded) and the light- 
emitting diode, CR2, finds a current path 
to ground. Depending upon design you 
will sometimes find lock-in or lock-out 
switches which will either manually select 
a channel or prevent it from being ener¬ 
gized. Most scanners incorporate a small 
trimmer capacitor to net the crystal on 
their respective channels. 

crystal selection 

As some of us have discovered the hard 
way, crystals are neither absolutely cali¬ 
brated (despite case markings) nor do 
they necessarily remain on frequency 
once in a circuit. The exact frequency of 
operation depends upon both the ambi¬ 
ent temperature and the circuit param¬ 
eters. It is, therefore, necessary to state 
precisely your requirements when order¬ 
ing from a crystal or scanner manufac- 



T fl 

i 
l 

I 

fig. 6. Diode switch¬ 
ing selects which 
crystal is opera¬ 
tional. When the 
base of transistor 
Q2 is high the tran¬ 
sistor is saturated, 
allowing the switch¬ 
ing diode to be for¬ 
ward biased. Either 
a lamp or LED is 
used as a front-panel 
channel indicator. 
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turer. It isn't like the old days of 40- 
meter CW where you bought a crystal ±2 
kHz. 

Crystals for any given scanner can 
usually be purchased from the respective 
dealers or from a crystal manufacturer. 
Before you order, especially from a 
crystal manufacturer, you will need cer¬ 
tain facts about the required crystal. One 
piece of data, of course, is the operating 
frequency. To find this you must know 
both the channel frequency and the i-f of 
your unit. You also need to know 
whether crystal operation is in a funda¬ 
mental or one of several overtone modes. 

Vhf-fm scanners typically (but not 
universally) operate in the fundamental 
mode on low band (30-50 MHz), the 
third overtone on high band (148-174 
MHz) and the ninth overtone on uhf. 
Assuming this to be true in your own 
receiver, use one of the following formu¬ 
las for determining crystal frequency: 

Low band (including 6 meters): 

Crystal frequency = Channel frequency + i-f 

High band (including 2 meters): 

Crystal frequency = Channel frequency + i-f 

3 

uhf: 

Crystal frequency = Channel frequency + i-f 

9 

Note that in some receivers the manu- 

*Scanner-Monitor Servicing Data, Volume 1, 
SD-1, 1972, and Volume 2, SD-2, 1973, 

Howard W. Sams and Co., Inc., $4.95 each 
from Ham Radio Books, Greenville. New 
Hampshire 03048. Volume 1 covers the B&K 
PF-1; Browning XM-888; Johnson Duo-Scan 
Low Range, High Range, 241-0340-001, and 
241-0340-002; Midland 13-915 and 
13-925H/L/M; Pace Scan 108H/L/U, 280 and 
308; Pearce-Simpson Gladding Hi-Skan; 
Penneys 981-6065, 981-6066 and 981-6067; 
Realistic Patrolman Pro-7 (20-5001), Patrolman 
Pro-8 (20-162) and Patrolman Pro-9 (20-164); 
Sonar FR-104, FR-105, FR-2516, FR-2517, 
FR-2525, FR-2526and FR-2528;and Teaberry 
Scan "T". Volume 2 covers Electra Bearcat III; 
Midland 13-922 and 13-927; Regency R1HT1-1, 
R1 LT1 -1, R1UT1-1, R2HT1-1, R2LT1-1, R2- 


facturer will specify that you are to 
subtract the i-f from the channel fre¬ 
quency. 

Prepare a simple chart for the crystal 
supplier listing the following: 

1. Make and model of receiver. 

2. Crystal frequency desired. 

3. Holder style (consult catalog). 

4. Mode of operation (fundamental, third 
overtone, etc.). 

5. Circuit capacitance. 

6. Drive level in milliwatts. 

7. Maximum allowable series resistance. 

8. Temperature (if in oven). 

This information can usually be found in 
the service manual for your receiver. If a 
manual is not available consult Howard 
Sams' Scanner-Monitor Service Data.* 
This handbook covers most of the more 
popular types of scanner receivers. 

It is worth noting that the cost of 
crystals can almost double the cost of the 
scanner if you don't shop around a little. 
It is often advisable to buy a unit custom 
set-up from the factory with all crystals 
in place. This is generally less expensive 
and is also more likely to result in 
satisfactory performance should your lo¬ 
cal dealer be unable to provide good 
quality alignment service. 

other scanner-receiver circuitry 

For the most part the remaining 

UT1-1, TME-16U, TMR-1 U and TMR-8U; Tenne- 
lec Tennetrac l/ll/IV; and Unimetrics Digi- 
Scan 4+4 and Digi-Scan-8. 

Also available is Scanner-Monitor Data, 
Volume III, SD-3, 1974, $5.95 from Ham 
Radio Books. This volume includes schematics, 
parts lists and service adjustments for the 
following scanner receivers: Electra Jolly 
Roger; Johnson Hi/Lo Duo-Scan, UHF/VHF 
Duo-Scan (late production), UHF Mono-Scan 
and VHF Mono-Scan; Midland 13-914; Pearce- 
Simpson Cherokee 8+8, Cheyenne 8 (PR-78) 
and Comanche 16 (PR-160); Regency MT-15S, 
TME-16H/L, TME-16H/LH/U, TME- 
16H/LL/U, TME-16H/LM/U, TMR-1 H, 
TMR-1 L, TMR-4H, TMR-4L, TMR-8H, 
TMR-8L, TMR-8H/LH, TMR-8H/LL and 
TMR-8H/LM. 
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circuits found in scanner receivers will 
closely parallel similar circuitry in other 
vhf-fm receivers including quite a few 
two-meter fm transceivers. 

The second mixer of one popular 
scanner receiver is shown in fig. 7. Input 
signals to the mixer are coupled through a 
tank circuit and a ceramic crystal band¬ 
pass filter. The output of the mixer is 
tuned to the lower i-f by another, similar 
crystal filter. 

Since most commercial transmitters 
use narrowband fm (±5-kHz deviation) 
a 12- to 16-kHz passband is required. 
This allows the use of many low-cost 
ceramic filters such as the Murata line 
from Japan. These same filters in differ¬ 
ent bandwidths are used in many home 
and auto fm and fm-stereo broadcast 
radios. 

I-f amplification is almost universally 
supplied by a one- or two-stage 1C ampli¬ 
fier. The detector might be an ordinary 
diode type or it might be an 1C. Some 
scanners use the standard ratio detector/ 
discriminator circuits which feature i-f 
amplification, limiting and detector 
diodes in one 1C package. An example is 
the RCA CA3043. Others use an 1C 
quadrature detector such as the Motorola 
MC1357. 

An unusual squelch circuit is shown in 
fig. 8. This design uses switching diodes 
to generate squelch action. This circuit 
produces little audio distortion because 
low-level ac {i.e., audio) signals can ride 
on top of high levels of dc which forward 
biases the diode. The circuit operates by 



fig. 7. Most modern vhf-fm scanner receivers 
use modern design for the i-f strip and second 
mixer. This circuit uses ceramic bandpass 
crystal filters and an (C amplifier, U1. 


causing the transistor to saturate. When 
that occurs the B+ to the diodes is 
shunted to ground, causing the diodes to 
be reverse biased. This cuts off the audio 
path. When the transistor is inoperative 


B + 

i.A VDC 



fig. 8. Diode switching is also useful in squelch 
circuits. When transistor Q1 is cut off B+ flows 
through the 10k and 180k resistors, forward 
biasing the switching diodes, allowing low-level 
audio signals to pass through. When the tran¬ 
sistor is saturated, however, the B + to the 
diodes is shunted to ground and they are 
effectively reverse biased. 


again the B+ biases the diodes to pass 
audio signals. 

future of scanners 

The scanner market will undoubtedly 
be soon overrun with lower cost import 
and domestic models. Many of these 
receivers will require modification, even 
to the extent of completely changing the 
front-end tank circuits to a new range, 
before they can be used on the amateur 
bands. Others either already have suffi¬ 
cient range or will be available in amateur 
band models. In either event expect to 
see more amateur use of these receivers. 
They allow you to monitor several active 
frequencies or repeaters at one time. 
Perhaps the next logical extention of this 
concept is to make a transmitter in the 
same box which also scans. The combina¬ 
tion could then be set to keep tabs on all 
local activity. 

ham radio 
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integrated-circuit 

ssb transceiver 


Complete 
construction details 
for a miniature 
ssb transmitter 


using Plessey ICs 


This article describes the i-f and audio 
circuitry of a single-sideband transceiver 
designed by the Applications Department 
of Plessey Semiconductors using their 
SL600-series integrated circuits. The 
transceiver may be used at any frequency 
from a few kHz to 500 MHz. 

The unit described in this article con¬ 
sists of a single printed-circuit board 
which requires only the addition of a 
local oscillator, a preselector, a linear 
amplifier, volume control, microphone 
and loudspeaker to build a complete 
transceiver. 

receiver 

The receiver is a single-conversion 
superhet with a 9-MHz i-f. To optimize its 
intermodulation performance the incom¬ 
ing signal is fed directly to a hot-carrier 
diode ring mixer and then to the crystal 


and receiver B 
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filter; there is no rf amplifier. The i-f 
sensitivity is such that at frequencies of 
30 MHz or less no rf amplification is 
required if a reasonable antenna is used 
{as it would be with a transceiver). 
However, if the receiver is used at 
frequencies above 30 MHz, or with a less 
than ideal antenna, some rf gain may be 
necessary to obtain the necessary noise 
figure. The rf amplifier should have the 
lowest gain consistant with the frequency 
and antenna to be used and must have 
good large-signal handling capability if 
receiver performance is not to be de¬ 
graded. 

The mixer is an Anzac MD108 hot- 
carrier diode double-balanced modula¬ 
tor.* This device was chosen for its 
conveniently small size, high performance 
and low cost, but similar devices from 
other manufacturers could also be used. 
All the ports of this modulator are 
designed for 50 ohms; two have a fre¬ 
quency range of 5 to 500 MHz while the 
third covers the frequency range from dc 
to 500 MHz. The input from the antenna 
is applied to the dc- to 500-MHz port via 
a preselector, and the local oscillator—at a 
level of +7 dBm (500 mV rms)— is 
applied at pin 8 (see fig. 1). The mixer 
output from the rf port passes through a 
toroidal transformer to match it to the 
500-ohm input impedance of the crys¬ 
tal filter. If other types of filters are 
used it may be necessary to re-design the 
impedance-matching transformer. 

Once the signal has passed through the 

*Anzac MD-108 double-balanced mixers are 
available in small quantities from Anzac Elec¬ 
tronics, 39 Green Street, Waltham, Massachu¬ 
setts 02154. The price is $7.00 each, plus 
postage. 
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crystal filter, a 2.4-kHz bandwidth 9-MHz 
filter with 90-dB stopband suppression, 
there is little further risk of cross¬ 
modulation or intermodulation. The i-f 
strip consists of three cascaded Plessey 
SL612C* i-f amplifiers followed by an 
SL640C product detector. Without age 
applied each SL612C has 34-dB gain and 
15 MHz bandwidth. Since a broadband i-f 
strip consisting of three SL612Cs has 
more than 100-dB gain and 15 MHz 
bandwidth, it can very easily become 
unstable. Therefore, the circuit board 
layout is very important (see fig. 4). It is 
relatively easy to build a three-stage, 
broadband i-f strip on double-sided 
printed-circuit board if the component 
side has a plane of grounded copper, but 
on single-sided board the layout shown in 
fig. 4 should be rigidly adhered to. 

The beat-frequency oscillator for the 
product detector uses an fet circuit that 
delivers about 100 mV rms to the 
SL640C product detector. This oscillator 
also supplies the carrier for the trans¬ 
mitter balanced modulator. One of two 
crystals, for upper or lower sideband, is 
selected by a diode switching arrange¬ 
ment. 

The detected audio from the product 
detector drives an SL630C audio output 
stage which is capable of providing about 

*Plessey integrated circuits are available from 
Plessey Semiconductors, 1674 McGaw Avenue, 
Santa Ana, California 92705. 


65 mW to headphones or a small loud¬ 
speaker. The detected audio also drives an 
SL621C age system. Since the SL630C 
has voltage-controlled gain, the volume 
control consists of a potentiometer which 
provides a control voltage to the SL630C. 
If 65 mW is insufficient output (it is 
worth listening to it before deciding as it 
is usually adequate for domestic listening) 
an external, higher power audio amplifier 
may be driven either from the SL630C 
output or directly from the product 
detector. 

The age is provided by an SL621C 
audio-derived age system. Its output is 
buffered by a transistor Q2 so an S-meter 
may be connected if desired. Since Q2 
reduces the available age voltage swing, 



fig. 2. Schematic diagram of the Anzac MD-108 
double-balanced diode mixer. Local-oscillator 
signal is applied to pins 1 and 5, input (output) 
preselector circuit is connected to pins 3 and 7, 
and transformer T2 is connected to pin 8. 
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age is applied to all three i-f stages 
to ensure that the age can cope with 
the receiver's 112-dB dynamic range. If 
resistor R7 is replaced by a germanium 
diode there will be a delay to the 
first-stage age—this may improve receiver 
noise figure very slightly on small 
signals—and is barely worthwhile. Capa¬ 
citors Cl 6, Cl8 and C20 are kept down 


transmitter/receiver side of the crystal 
filter on the change-over from receive to 
transmit. All the transmit/receive switch¬ 
ing on the board is achieved by turning 
on the appropriate power line (transmit 
or receive) and grounding the unused line. 
The grounding of the unused line is very 
important as instability can result if it is 
not done. 



fig. 4. Full-size printed circuit layout for the 9-MHz ssb transmitter and 
receiver. Component layout is shown in fig. 5. 


to 4700 pF to retain the ignition suppres¬ 
sion characteristics of the system. 

transmitter 

The transmitter is also a single¬ 
conversion design. It generates a 9-MHz 
single-sideband signal using the same 
crystal filter as the receiver. The 9-MHz 
ssb is converted to the final operating 
frequency by the MD108 ring mixer; the 
unwanted frequency product is removed 
by the preselector. This system requires 
no signal switching between the antenna 
side of the preselector and the 


The audio input from the micro¬ 
phone is amplified by an SL622C age 
amplifier which will give a constant 
100-mV rms output for a 60-dB input 
range. If a single-ended input is used 
rather than a balanced input, dynamic 
range is reduced to about 46 dB. In most 
systems 60 dB input dynamic range is too 
large, 40 dB being sufficient, so resistor 
R5 has been included in the circuit. If 60 
dB dynamic range is required resistor R5 
should be omitted and C9 reduced to 
4700 pF. 

The audio output from the SL622C 
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microphone amplifier goes to the SL640C 
double-balanced modulator. The carrier 
input to the balanced modulator is fed by 
the bfo (which works on both transmit 
and receive since its power may be 
derived from either line through diodes 
CR5 and CR6). The output from the 


impedance-matching transformer and is 
mixed with the local oscillator signal to 
provide the final transmitter frequency 
(and an image which is removed by the pre¬ 
selector). This is amplified by the linear 
amplifier and transmitted. The output 
from the preselector is about 70 mV rms. 
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fig. 5. Component layout for the 9-MHz ssb transmitter and receiver. Space is provided for installing 
the input circuits for the local oscillator and signal. Design of these circuits depends upon the 
frequencies selected for your own application. 


SL640C is a double-sideband signal with 
low carrier feedthrough (usually -40 dB) 
which is amplified by an SL610C. The 
gain of this particular device may be 
controlled either by an ale signal, derived 
from the transmitter linear amplifier or 
manually with a dc gain control. The 
amplified dsb signal is sent through the 
crystal filter to remove one sideband. 
Resistors R1 and R2 ensure a correct 
match to the crystal filter both on 
transmit and receive.* 

The ssb output from the filter passes to 
the doubly-balanced diode mixer via the 
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construction 

The complete system is built on a 
single-sided printed-circuit board that 
requires two jumpers—one in the receive 
supply, the other in the transmit supply. 
If only a receiver is required, components 

*A 30-pF (nominal) capacitor from the input 
pin to ground will improve the passband ripple 
and a 20-pF capacitor from the output pin to 
ground will do the same. In practice, however, 
it has been found that these components make 
little difference (1-dB additional passband 
ripple). The KVG XF9B is the same as the SEI 
QC1246AX. 


































































R1 to R5 inclusive, Cl to Cl 3 inclusive, 
CIO, and the semiconductors U9, U10, 
U11, CR5 and CR6 must be omitted, a 
wire jumper connected where CR5 was, 
and a 500-ohm resistor connected from 
the filter end of R6 to ground. 

The layout of the board is quite 
critical and changes of printed-circuit 
design will almost certainly lead to 
instability unless double-sided board is 
used. The design shown may be built on 
double-sided board quite safely. 

The components used in the original 
unit are given in the schematic. Bead 
tantalum capacitors are used where 
possible for their small size but since they 
are sometimes hard to find in high 
capacitances at high voltages, aluminum 
electrolytics have been specified in three 
places. The WeeCon capacitors specified 
may be replaced with other miniature 
high-K ceramic capacitors but the values 
of components should not be changed. 
The resistors are all 1/8-watt, 10% types. 

Transformer T2 is made on a ITT 
CR-071-8A toroid core (the Amidon 
T-37-2 is a suitable substitute). Four 
2-inch (5-cm) lengths of number-26 wire 
are twisted together and two turns are 
wound on the core with the twisted wire. 
The ends are then opened and three 
windings are connected in series for the 
filter winding and the fourth is used as 
the winding connected to the diode ring. 
Transformer T1 is wound on a core of the 
same type and has a 6-turn primary and a 
single turn secondary. 

This ssb transceiver is probably the 
simplest which may be made using the 
Plessey SL600 series ICs, but its perform¬ 
ance is not compromised in any way. It 
has a sensitivity of better than 0.5/iV for 
10-dB signal-to-noise ratio, it can handle 
signals of over 200 mV rms at the diode 
mixer with minimal intermodulation dis¬ 
tortion, and the board uses less than 500 
mW on transmit or receive. It has been 
designed so that anyone with basic tech¬ 
nical competence but without previous 
experience in ssb transceiver design can 
build a successful ssb transceiver. 
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The phase lock loop has found many 
applications in modern electronics. One 
of the more important, to radio amateurs, 
is in the detection of fm signals where a 
voltage-controlled oscillator or vco is 
maintained at zero beat with the in¬ 
coming fm signal. The control voltage 
generated for this application by a phase 
detector becomes the audio-frequency 
output signal. Suitable integrated circuits 
for this purpose are becoming available, 
and offer much convenience to the 
builder. 

However, a problem in design and 
layout may appear wherein the vco signal 
may leak into a high-gain i-f system, 
possibly even causing saturation. An 
answer to this situation is the harmonic 
phase detector shown in fig. 1. This phase 
detector requires that the local vco 
operate at twice the intermediate fre¬ 
quency of the receiver. As a matter of 
fact, it won't even work if the two input 
signals are the same frequency! The 
circuit can be seen to represent a pair of 
peak-reading diode detectors of opposing 
polarity, with differential output. 

The action of this circuit is illustrated 
in figs. 2 and 3. In fig. 2, where both 
signals cross the zero axis simultaneously, 
the positive and negative peaks of the 
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difference between the two input signals 
will be equal. Under these conditions the 
differential output signal will, of course, 
be zero. In fig. 3, however, when a phase 
difference exists between the cross-over 
points of the two input signals, this 
equality no longer exists, and a differ¬ 
ential output voltage will be produced. 
The magnitude and polarity of the result¬ 
ant output will be a function of the 
degree and direction of the phase differ¬ 
ence. 

In common with the reciprocating 
detector 1 this circuit was also devised to 
receive double-sideband suppressed- 
carrier signals as I am especially interested 
in the potential advantages of portable 
and mobile equipment in which the entire 
input to the final amplifier might be in 
the form of audio frequency power, 
obtained from a transistor amplifier, 
operating directly from the car battery. 

By referring to fig. 3 it can be seen 
that polarity reversal of the lower fre¬ 


quency, representing the double-sideband 
signal, will merely interchange the relative 
positions of the two peaks of either 
polarity. This change can have no effect 
upon the polarity or amplitude of the 
differential output. 



fig. 1. In this simple harmonic phase detector 
the two input signals must have a 2:1 frequency 
relationship. Applications include phase-locked 
loops and double-sideband signal reception. 

A possibly over-simplified explanation 
would be to say that the 180° phase shift, 
inherent with the double-sideband signal, 
when compared with twice its frequency, 
is equivalent to a phase shift of 360°, 



fig. 2. Operation of the harmonic phase detector with zero phase difference between equal signals at 
frequencies f and 2f. Differential output is zero. 
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fig. 3. Operation of the harmonic phase detector showing effect of phase shift between signals at 
frequencies f and 2f. Differential output voltage is produced. 


which is no phase shift at all! Suitable 
hard limiting of the double-sideband 
signal before its application to the phase 
detector, followed by suitable integration 




"I wish you would learn to control your 
temper, and not try to punch everyone 
who says something you don't like.* 1 


of the detector's output pulses permitted 
the necessary phase lock for double¬ 
sideband reception, but that's another 
story. 

By grounding one of the two inputs 
(because the inputs are essentially in 
series) the detector may be made to 
function as an indicator of the most 
common form of second harmonic distor¬ 
tion of an audio-frequency signal, where 
limiting of either the positive or negative 
peaks is present. This fact suggests that 
the harmonic content of the human voice 
might conceivably be sufficient to lock 
the tuning of a ssb receiver with the aid 
of suitable filtering. 

This simple circuit appears to have 
many possible applications which the 
amateur experimenter might find useful, 
and this article is prepared with that hope 
in mind. 

reference 

1. Stirling Olberg, W1SNN, "Reciprocating 
Detector,” ham radio, March, 1972, page 32. 
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Amateur radio station installations on 
private yachts of various sizes is increas¬ 
ing at a rapid rate. Operating a ham 
station on your boat is a nice way to 
combine your hobbies. However, it is also 
a hobby combination which has special 
requirements, both legal and practical. 
Let's discuss some of these special 
requirements, based on my personal 
experience as well as on observations of 
shipboard installations by other amateurs. 

grounds 

The radio ground system on a boat has 
three functions: rf grounding, lightning 
protection and corrosion prevention. For 
rf the rule is very simple—the larger the 
ground area, the lower the ground resis¬ 
tance and the greater the antenna 
efficiency. If it is large enough, the 
ground does not have to be in physical 
contact with the water—it can serve as 
one plate of a low-reactance series capac¬ 
itor, with the water serving as the other 
plate. 

The safest rule to follow for a light¬ 
ning ground is to have lots of ground area 
in direct contact with the water, and a 
good direct-contact rf ground would also 
be a good ground for lightning. The lead 
wire should be large—at least number-10, 
and preferably larger. The radio and 
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lightning grounds can be kept separate, 
either by using a lightning arrestor or 
by having a heavy knife switch which 
grounds the antenna when it is not in use. 
One commonly used method is to make 
up a lead with a heavy clip on one end 
and a length of bare wire or a zinc 
electrode on the other, fastening the clip 
to the antenna and dropping the elec¬ 
trode end over the side during storms or 
when the boat is not in use. 

There are two factors that must be 
considered in anti-corrosion protection. 
These are corrosion due to dissimilar 
metals, and corrosion from stray current 
flow. On most boats the regular anti¬ 
corrosion measures—zinc electrodes, plus 
cathodic protection on metal hulls—will 
also take care of any stray currents 
resulting from the radio installation. 
However, a good precaution is to replace 
the original power switches in the radio 
with a type which opens both sides of the 
supply, completely isolating the radio 
from the power source when it is turned 
off. It is also a very good idea to inspect 
all underwater metal on your boat a few 
weeks after making any new installation 
or change, to detect any problem before 
major damage occurs. 

One very successful water contact 
ground is made from two copper tubes, 
typically 3/4- to 1-inch (1.9- to 2.5-cm) 
in diameter and 10-feet (3-meters) long, 
one mounted on each side of the keel. A 
variation of this uses a copper sheet, 3- to 
4-inches (7.6- to 10-cm) wide by 10-feet 
(3-meters) long, tacked to the side of the 
keel or to the bottom of the boat. Both 
are good. On sailboats, the ground con¬ 
nection is often made to the bolts holding 
the lead keel. This seems to be satisfac¬ 
tory, but the ground lead should be 
connected to a number of the keel bolts 
to provide the lowest contact resistance. 

On fiberglass boats a good non-contact 
or capacitance ground can be made by 
attaching 10 square feet (about one 
square meter) or more of light copper 
screen or perforated mesh to the hull 
below the waterline, using resin as the 


adhesive. This should also be satisfactory 
with wood boats, but I have never seen it 
so used. Some fiberglass sailboats carry 
the lead ballast inside the hull, as a 
casting set into the keel, and this can be 
used as a capacitance ground. All of these 
non-contact rf grounds should be supple¬ 
mented by a lightning ground: I have seen 
an internal keel sailboat which was struck 
by lightning in which the charge escaped 
to the water by punching a number of 
small holes through the fiberglass at the 
upper edge of the keel casting. 

The ground system of the sailboat on 
which I operate W3MR/M is a combina¬ 
tion type. All shroud chainplates are 
connected by number-8 aluminum wire, a 
total of about 50 feet (15 meters). This 
makes a fairly good capacitance ground. 
In addition, two standard zinc teardrops 
on the outside of the hull are connected 
to this bus, further reducing the ground 
resistance, and giving lightning and corro¬ 
sion protection. These zinc teardrops 
require replacement on occasion, showing 
that there is some current flow. 

antennas 

On many boats the mounting of an 
amateur antenna is complicated by the 
fact that the best antenna mounting place 
has been preempted by a marine radio 
installation. If a marine radio installation 
is already aboard, or one is contemplated, 
it should be remembered that the ama¬ 
teur station must be completely indepen¬ 
dent of and must not interfere with the 
marine installation. Compromises of the 
amateur antenna system, several trial 
installations, use of bandpass filters and 
the like, may be necessary. 

Any of the mobile-whip or loaded- 
whip antennas can be used on a boat if 
one factor is considered. This is the extra 
lead length to ground, usually on the 
order of feet on a boat instead of inches 
as on an automobile. As a result, fixed- 
tuned loading coils will usually resonate 
outside the band. One solution is to use 
the loading coil for the next higher 
frequency band. Since the antenna is 
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actually being fed above ground, it has 
higher than normal impedance plus 
reactance. Even with adjustable loading 
coils, a matchbox is a good idea. 

Some good mounting places for 
amateur-band whip antennas are: at the 
upper edge of the pilot house on the side 
away from the marine antenna; at the 
rail, usually on the stern quarter; at the 
masthead; or strapped to the mast, if it is 
wood. Try to keep a minimum of several 
feet of separation between the antenna 
and rigging, and as far apart as possible 
from other antennas. 

Boats with masts can use wire anten¬ 
nas. On a power boat an antenna from 
the bow to a midships mast to the stern 
flagpole is good; feed can be at any 
convenient point, using a matchbox. On 
sailboats a standard installation is to 
insert large compression insulators at the 
top and bottom of the backstay, feeding 
it from the bottom end. Two-masted 
boats can have an antenna hung between 
the masts. My installation does this, using 
three separate lengths of wire cut for 10, 
15 and 20 meters and operated as mono¬ 
poles. The feedline coax shield is 
connected to the shrouds, which are 
grounded as noted above. In comparison 
tests with several other trial antennas this 
arrangement consistently gave the best 
results. 

It is not really necessary to insulate 
rigging or wire to use it as an antenna. 
The objective is to get rf current flowing 
in a conductor that acts like an antenna. 
For example, on a typical medium-si2e 
sailboat the mast will be a 32- to 40-foot 
(about 10- to 12-meter) length of alumi¬ 
num, a good approximation of a half¬ 
wave on 20 and a quarter-wave on 40. 
There are several ways to induce rf 
current flow. Some common ones are: 
feed the bottom end directly, if it is 
insulated (used on my boat on 40 and 
80); use one of the shrouds as a gamma 
match; run a piece of insulated wire 
several feet (one meter) up the mast, 
again as a gamma match; or form the 
running-light leads (when present) into a 
coil, using this as part of a matching 
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network. The key to success in the use of 
one of these methods is a good antenna 
tuner (see later)— and patience in making 
trials. 

Beam antennas are rarely seen on small 
boats—they are too complicated and 
bulky, and not worth the trouble. If you 
want to try using a beam there are several 
short-element designs on the market, and 
a number have been described in various 
handbooks. Loading coils can be used to 
bring a TV antenna into resonance on 6 
or 10 meters, although the bandwidth 
will be narrow. Another possibility is an 
array of three or four whip antennas, say 
on the wheelhouse or even on the 
quarters. 

Still another possibility is a shore an¬ 
tenna. For temporary use a trap vertical 
lashed to a dock piling is good, though it 
may have to be retuned as the tide changes. 
It is often possible to use a long-wire 
antenna, end fed from an antenna tuner, 
and run as far as possible in the general 
direction of preferred signals. At the 
ship's home port a permanent rotary 
beam installation may be possible. 

matching 

If antennas other than trap verticals 
are used, it is a good bet that the antenna 
tuner will have to handle some unusual 
feed impedances. This eliminates use of 
some of the standard designs, which are 
intended for a limited range of loads and 
relatively low reactance. 

After a number of trials I settled on a 
homebrew antenna tuner that is a modifi¬ 
cation of an ARRL Handbook design of 
some years ago. One or another of its 
switch settings will permit matching any 
impedance over the range from 3 to 30 
MHz; the last position grounds the 
antenna. The tuner described in the May, 
1974, issue of ham radio would be a good 
one for this application. 1 Because of the 
many possibilities, adjustment of the 
tuner can be tedious. It seems to be a 
good idea to try a pi configuration first. 
If this does not give a satisfactory match, 
try the low-impedance positions for 
loop-fed antennas, and high-impedance 



settings for other types. Several configu¬ 
rations and settings of your tuner may 
give a match; use the one which is least 
critical to a change in frequency. 

In addition to matching, an antenna 
tuner also helps keep the chassis of the 
transmitter at rf ground. Sometimes it 
will still be necessary to add filtering to 
the mike and key leads, and to set up 
special grounds for the transmitter 
chassis. 

operating convenience 

Because of space limitations, it is very 
difficult to get an operating position on a 
boat which is really convenient. The best 
I have seen was on a fair sized sailboat, 
where the place called "navigators area" 
on the ship's plans had been rebuilt into a 
radio area. Since this boat was used only 
in inland waters, the loss of navigational 
convenience could be accepted. 

A suggestion—make a temporary 
installation, and use it long enough to 
find the type of operating you prefer¬ 
red up or underway, phone or CW, net or 
casual, and so on. Then work out a 
convenient position for this type of 
operation. If you like net or favorite 
frequency operation, don't forget the 
possibilities of crystal control and a 
remote operating position. 

legal matters 

There seems to be considerable con¬ 
fusion about the proper identification 
when operating aboard a boat. The 
following are the tests I use: 

If underway, operation is obviously 
mobile. 

If at anchor or tied up, and the ship can 
get underway without interrupting a con¬ 
tact, operation is still mobile. 

If some shore-side facilities are being 
used, and operation would have to be 
interrupted to get underway, operation is 
portable rather than mobile (typically 
when shore power or a shore-side antenna 
are used). 

If the ship's location is in waters bearing 


the chart notation, "Use International 
Rules of the Road," the designator is still 
mobile followed by the ITU Region, 
rather than a location and/or call area. 
The Americas are in Region 2. Note that 
operation in coastal waters of another 
country requires permission of that 
country. 

For the record, here is what the FCC 
says about your operation from ship¬ 
board: 

97.101 Mobile stations aboard ships or 
aircraft. 

In addition to complying with all other 
applicable rules, an amateur mobile station 
operated on board a ship or aircraft must 
comply with all of the following special 
conditions: <a> The installation and opera¬ 
tion of the amateur mobile station shall be 
approved by the master of the ship or 
captain of the aircraft; (b) The amateur 
mobile station shall be separate from and 
independent of all other radio equipment, if 
any, installed on board the same ship or 
aircraft; (c) The electrical installation of the 
amateur mobile station shall be in accord 
with the rules applicable to ships or aircraft 
as promulgated by the appropriate govern¬ 
ment agency; <d| The operation of the 
amateur mobile station shall not interfere 
with the efficient operation of any other 
radio equipment installed on board the same 
ship or aircraft; and (e) The amateur mobile 
station and its associated equipment, either 
in itself or in its method of operation, shall 
not constitute a hazard to the safety of life 
or property. 

Hamming from your boat can not only 
be a lot of fun, it can also enhance 
your boating safety by providing a much- 
needed communications link in time of 
trouble. Like any amateur installation in 
less than ideal circumstances, the typical- 
shipboard ham station will be limited in 
both operating convenience and 
efficiency—but that won't keep any 
enthusiastic boater/ham off the air. Just 
listen for W3MR/M on all bands. 

reference 

1. Harry R. Hyder, W7IV, "Five-To-One Trans- 
match,” ham radio, May, 1974, page 54. 
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RTTY speed control 
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from 0.032-inch (0.8-mm) aluminum 
sheet (fig. 1) and, after removing the 
governor mechanism, fastened it to the 
motor shaft. The motor shaft had a hole 
which accepted a small machine-screw 
tap, allowing me to bolt the pulse wheel 
directly to the end of the shaft. A 
General Electric H13A1 optical coupler 
completed the motor-speed sensor. The 
coupler, which consists of a light-emitting 
diode (emitter) and phototransistor 
(detector) with a gap between them, 
mounted in a plastic housing, is designed 
for pulse-wheel operation. The emitter is 
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In a rash moment I decided to invest in a c 


excited continuously and the pulse wheel 
teeth interrupt the beam to the detector, 
as shown in fig. 1. I used a 33-tooth 
wheel with slots made by sawing 1/4-inch 


governor-motor Kleinschmidt TT271 
KSR page printer to use for high speed 
operation. The prospect of 60 to 100 
wpm operation for $40 was just too good 
to pass up. Much to my pleasant surprise, 
the governor worked perfectly and the 
machine generated no rf interference in 
my receiver. With 100 wpm gears and 
various governor adjustments it would 
run from 67 wpm to over 100 wpm and 
copy was fine at each standard speed. 
Then I decided to design and build a 
solid-state motor drive to replace the 
governor, permitting me to control speed 
from a console knob. 

speed sensor 

The first problem was to sense motor 
speed. For this I made a pulse wheel 
about 1-3/4 inch (4.5 cm) in diameter 


RTTY speed control system mounted on a 
Kleinschmidt page printer showing one-knob 
speed control, front, and motor-mounted 
pulse tachometer, rear. 
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(6.4-mm) radial cuts with a coping saw. 
Fortunately, the wheel slots need not be 
made with precision. 

circuit 

The circuit is shown schematically in 
fig. 2. Pulses from the tachometer, 
squared up by transistor Q1, trigger a 
monostable multivibrator consisting of 
Q2 and Q3. The monostable multi¬ 
vibrator converts the tachometer output 
signal to a series of constant-amplitude, 
constant-width pulses with repetition rate 
proportional to motor speed. The average 
voltage resulting from this pulse train is 
also proportional to motor speed and so 
can serve as a highly accurate dc tachom¬ 
eter. 

Operational amplifier U1 forms a 
three-pole Butterworth active filter which 
develops the required dc voltage from the 
pulse train. This filter configuration was 
chosen to give good ripple suppression 
with minimum time delay. Positive dc 
output current from U1, proportional to 
motor speed, is compared to a negative 
reference current derived from the speed 
switch and adjusting pots. Op-amp U2 
switches sharply from on (positive out¬ 
put) to off (negative output) when the 
tach-derived current exceeds the refer¬ 
ence current. It serves as a highly sensitive 
speed detector and drives another optical 
coupler, this time an H15A1. This 
coupler is similar to the H13A1 but 
without the mechanical gap so sensitivity 
is much higher. The coupler switches 
transistor Q4 in the gate circuit of the 
triac which, at long last, turns the motor 
on and off. This second optical coupler 
isolates the control circuit from the 
120-volt line. 

Operation of the triac circuit is 
directly analogous to that of the 
governor. The motor voltage is either on 
or off, not continuously phase modu¬ 
lated. This permits considerable simplifi¬ 
cation in the gating circuitry and provides 
all the sensitivity needed for this type of 
application. The cycling rate is somewhat 
slower than that of the governor, how¬ 
ever, probably due to the minimum on 


time limitations of a triac on a 60-Hz line. 
After working with the control circuitry 
for a while, you cannot help but admire 
the simple, rugged and sensitive mechan¬ 
ical governor with which these machines 
were originally equipped. 

The resistors and pots in the speed 
reference network permit the circuit to 



SIDE VIEW END VIEW 

fig. 1. Plan view of the pulse tachometer. The 
author used a 33-slot wheel for his Klein- 
schmidt page printer, but suggests 60 slots if 
this controller is to be used with a Teletype 
Corporation machine. 


be adjusted to each of the standard 
speeds of 60, 67, 75 and 100 wpm; these 
correspond to baud rates of 45.45, 50.00, 
56.88 and 74.20. 1 Baud rates determine 
the precise speed ratios required, so a 
frequency counter can be used to set the 
speeds. In the Kleinschmidt machine, the 
motor shaft revolves at 3600 rpm for 
operation at the wpm speeds marked on 
the gears. Speeds may also be set by trial 
and error copy and that is how I did the 
job. 

Operation over the range from 60 to 
100 wpm is possible with the 100 wpm 
gears installed. However, the speed stabil¬ 
ity at 60 wpm leaves something to be 
desired. I ended up using the 67 wpm 
gearing and running the motor up to 
5400 rpm for 100 wpm copy. This seems 
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to pose no particular problem for the 
motor since it will run much faster at full 
voltage, even under full load. I doubt that 
the additional bearing or brush wear is 
significant in amateur service. The 67 
wpm gearing results in nearly normal 
shaft speed (roughly 3240 rpm) at 60 


trigger pulses at the base of Q2. With the 
15k feedback resistor in place, the mono¬ 
stable pulses at the collector of Q3 must 
not overlap at the maximum pulse-whael 
speed. This may be checked with a scope 
or by observing the dc voltage at the 
collector of Q2. 



fig. 2. Schematic diagram of the RTTY speed-control circuit. Watch for built-in hash-suppression 
capacitors in the printer motor circuit, as they can destroy the triac motor driver. 


wpm, and motor momentum serves to 
smooth out speed fluctuations caused by 
the rapidly clutched load. 

adjustment 

Some comments on adjustments are in 
order since no two pulse wheels or photo 
couplers will be identical. The 330-ohm 
LED dropping resistor and the 2.7k resis¬ 
tor in the base of Q1 may be changed, if 
necessary, to produce clean, steady 
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The voltage should be proportional to 
pulse-wheel speed over the desired speed 
range, reaching about 3 volts at maximum 
speed. Decreasing the 0.022-juF timing 
capacitor or decreasing the 9.1k timing 
resistor will narrow the pulses and reduce 
the average voltage. The best combination 
is the one which permits the maximum 
voltage while maintaining linearity to 100 
wpm. 

The range on the speed pots is deliber- 


ately restricted to make adjustment 
easier. The values shown, together with 
the 1.1k resistor to ground, allow exact 
speed ratios to be set. Exact speed set¬ 
tings, however, may require changing the 
1.5k upper divider resistor or the 15k 
op-amp input resistor to compensate for 


amperes. Higher current triacs or better 
heat sinking would permit the use of this 
speed control circuit with larger motors. 
Remember that the triac must supply 5 
to 10 times normal current at turn-on 
while the motor is at zero speed. Also, a 
larger triac may require additional gate 



Circuitry for the RTTY speed control system is mounted on small perforated board which is installed 
on the rear of the page printer. 


zener diode tolerances, resistor tolerances 
or gearing different from that described. 

One precaution should be observed 
regarding the triac: Do not connect a 
capacitor, even a small one, directly 
across the triac or load. The surge current 
at turn-on can instantly destroy the triac. 
A resistor of at least 22 ohms should be 
inserted in series with any capacitor 
which may already be present or which 
you may wish to add for noise suppres¬ 
sion. My unit caused some receiver hash 
while on the bench, but quieted down 
completely when installed in the machine 
and connected to the built-in rf filter. 
The MAC10-4 triac, mounted to the 
chassis with the insulating hardware 
supplied, should handle loads to at least 3 


drive and a boost in the gate power 
supply. 

circuit components 

None of the components used in this 
circuit are critical, though the timing 
resistor and capacitor should be types 
that are stable. Metal-film resistors and 
polycarbonate or polystyrene capacitors 
are suitable. If the GE photocoupler is 
not readily available, you can build your 
own using separate LEDs and photo¬ 
transistors. Nearly any type of npn tran¬ 
sistor is suitable for Q1 through Q4 (I 
used 2N3414s). The same is true for the 
diodes. Signal-type silicon diodes should 
be used in the transistor circuits, and 
lead-mount power diodes of at least 
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50-volt PIV in the power supplies. The 
op-amps may be individual 741 units or 
the 747 dual 741/741; pin numbers are 
shown for the T05 type 741. Surplus 
units are available at attractive prices 
from various suppliers. The 6* and 12-volt 
power transformers are available from 


Replacement series motors are available 
from advertisers in RTTY Journal and 
ham radio for about $15.00. 

In summary, my variable-speed Klein- 
schmidt machine has now been on the air 
for several months. Those patient hams 
who have coped with my typing have 



Author W3VF using the variable-speed Kleinschmidt RTTY machine at his station in Pennsylvania. 


Radio Shack for about $1.50. Cost of the 
parts should not exceed $25, even if most 
are bought new. 

I am not yet an expert on the Teletype 
Corporation machines except to note that 
the older ones, at least through the Model 
26, have 1800 rpm synchronous motors. 
Teletype governor motors are in the same 
general speed range. This would suggest 
the use of a pulse wheel with at least 60 
slots in order to get the tach frequency 
up near the design value. With that one 
change, the control unit described here 
should be suitable for Teletype machines 
with series governor type motors. It is not 
recommended for synchronous motors. 
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reported no speed problems, and the 
copy has been excellent on my end. 
Commercial stations have been copied at 
all four speeds with perfect results as 
far as speed is concerned. Reworking 
surplus machines and building controls of 
this sort may be viewed by some as an 
unrewarding chore, but the pleasure of 
achieving instant speed change by twist¬ 
ing a little knob made it all worthwhile 
for me. Now for that FRXD20 in the 
corner.. . 

reference 

1. "Principles of Telegraphy—Teletypewriter," 
NAVSHIPS 0967-255-0010. 
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battery power 

Amateur radio is entering a new era 
of battery operations. Battery-powered, 
hand-held and portable fm transceivers 
are just one example. Battery-powered 
QRP operation is also popular. Look for a 
new emphasis on battery operation dur¬ 
ing field-day activities. In fact, the very 
changeover from vacuum tube to all 
solid-state electronic gear has awakened 
new interest in battery applications. 

The energy crisis is the catalyst for 
further expansion. The battery-powered 
bus has made a successful debut; the 
battery-powered family run-about waits 
behind the oil curtain. However, the real 
expansion is likely to be within the 
framework of solar power. Batteries will 
carry us through the night. 

The all solar-powered ham station is 
no wild fantasy. The primary-cell battery 
is a one-shot affair. A typical example is 
the common zinc-carbon battery. After 
its chemical energy has been converted to 
electrical energy it is discarded. The 
secondary-cell battery is rechargeable. Its 
energy can be drained off and then 
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resupplied by recharging the battery from 
a source of electrical power such as a 
solar-energy converter or a standard 
battery charger. The most well-known 
secondary battery is the lead-acid battery 
used in your automobile. 

When your battery-powered ham gear 
is removed from your car, the two most 
common secondary batteries are the 
nickel-cadmium and dry gelatin- 
electrolyte, lead-acid types. 

battery ratings 

Be it a primary or secondary type, the 
two most common battery ratings are 
voltage and ampere-hours (or 
milliampere-hours). Voltage is no 
problem because there are a wide variety 
of types available according to voltage. 
There are many 12-volt types, matching 
the most common voltage requirement of 
solid-state radio gear. Other voltages can 
be obtained with the proper series-parallel 
groupings of standard-voltage batteries. 
The parallel connection, of course, 
increases current capability and available 
ampere-hours. 

The ampere-hour or milliampere-hour 
ratings of batteries are usually based on 
10 or 20 hours of continuous operation. 
For example, a popular 12-volt nickel- 
cadmium battery has a 1.2 ampere-hour 
rating. This is based on a 10-hour dis¬ 
charge time and a cut-off voltage of 11 
volts. What continuous current demand 
could be made on the battery over this 



DISCHARGE TIME (HOURS) 



fig. 1. Discharge characteristics of a typical 
nickel-cadmium secondary battery (courtesy 
Eveready). 




10-hour period? Since the ampere-hour 
rating of the battery and operating time 
are known, 

i = Ampere-hour rating _ 1-2 
Time 10 

= 120 milliamperes 

The ampere-hour rating is less when there 
is a greater current demand and is likely 
to be more for a lesser current demand. 
Graphs and charts are available for vari- 


indicating that the ampere-hour capacity 
of the battery is somewhat less than its 
1.2 rating for a 10-hour period. The 
bottom set of curves shows the discharge 
time in minutes when a high current 
demand is made on the battery. Note 
that, for a current demand of 1.2 
amperes, the 11-volt level is reached after 
a time interval of 55 minutes. 

An example of a battery chart is given 
in table 1 for the popular D-size zinc- 


table 1. Hours of life chart for Eveready 950 D-cell. 


schedule 

starting 

drains 

(mA) 

0.8V 

0.9V 

cutoff voltage 
1.0V 

1.1V 

1.2V 

2 hours/day 

10 

525 

500 

475 

450 

430 


20 

295 

270 

260 

240 

210 


30 

210 

185 

175 

155 

135 


50 

125 

113 

103 

89 

77 


100 

57 

50 

45 

35 

29 


150 

33 

29 

25 

18.5 

14 


200 

21.5 

18 

15.5 

11.5 

8 


250 

15 

12 

10 

7.2 

4.5 


300 

11 

8.5 

7 

5 

2 

4 hours/day 

10 

660 

620 

580 

530 

470 


20 

330 

310 

290 

260 

230 


30 

220 

200 

185 

155 

125 


50 

123 

108 

96 

81 

64 


100 

50 

41 

36 

30 

22 


200 

18 

13.5 

12 

9 

5.2 


300 

8 

6 

3.5 

3 

2 

8 hours/day 

10 

700 

660 

620 

560 

460 


20 

340 

310 

270 

230 

180 


30 

210 

180 

150 

130 

100 


50 

105 

82 

70 

60 

50 


100 

39 

28 

23 

18 

13.5 

24 hours/day 

10 

1050 

745 

600 

500 

370 


20 

360 

260 

210 

165 

125 


30 

200 

145 

115 

88 

65 


50 

92 

67 

52 

40 

29 


100 

32 

24 

18.5 

13.5 

9,6 


200 

11.5 

8.5 

6.4 

4.5 

3.2 


300 

6 

4.5 

3.5 

3 

2 


ous commercial batteries and from these 
you can determine primary battery life or 
when a secondary battery needs to be re¬ 
charged. Atypical graph is shown in fig. 1. 

The upper curve shows the 120- and 
240-milliampere discharge curves. Notice, 
on the 120-mA curve, that at the end of 
10 hours the battery's voltage has de¬ 
clined to 11 volts. If the current demand 
is doubled to 240 mA, the 11-volt level is 
reached after something less than 5 hours, 


carbon (LeClanche) dry battery. Battery 
life is related to how many hours per day 
it is switched into operation. Take a 
current drain of 100 mA as an example. 
Note that, for 2-hours operation per day, 
the battery potential will drop to 1.2 
volts after 29 hours. When the battery is 
operated continuously with a current 
drain of 100 mA its anticipated life to 
cutoff potential of 1.2 volts is only 9.6 
hours. 
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The 1.5-volt LeClanche dry cells have 
been more or less standardized as to 
physical size and capacity. The data of 
table 2 are typical. Ratings are based on 
an operating temperature of 70°F, two 


current drain of 100 mA for two hours 
per day is assumed, the service life will be 
45 hours. This can be verified from the 
specific chart fora D-cell given in table 1. 
These basic cells are used to construct 


table 2. Operating-hour capacities of standard Leclanche dry cells (courtesy Eveready). 



starting 

service 


starting 

service 


starting 

service 


drain 

capacity 


drain 

capacity 


drain 

capacity 

cell 

(mA) 

(hours) 

cell 

(mA) 

(hours) 

cell 

(mA) 

(hours) 


1.5 

275 


0.4 

210 


2 

190 

N 

7.5 

52 

105 

2 

30 

143 

10 

40 


15 

24 


4 

8 


20 

15 


2 

290 


0.5 

435 


2 

510 

AAA 

10 

45 

108 

2.5 

103 

145 

10 

105 


20 

17 


5 

51 


20 

43 


3 

350 


0.6 

710 


2 

560 

AA 

15 

40 

109 

3 

155 

146 

10 

115 


30 

15 


6 

75 


20 

50 


5 

420 


0.7 

210 


2 

610 

B 

25 

62 

112 

3.5 

35 

148 

10 

130 


50 

25 


7 

12 


20 

70 


5 

430 


0.7 

300 


3 

550 

C 

25 

100 

114 

3.5 

57 

162 

15 

150 


50 

40 


7 

25 


30 

65 


10 

500 


0.8 

475 


3 

600 

D 

50 

105 

116 

4 

98 

163 

15 

165 


100 

45 


8 

49 


30 

72 


15 

400 


1 

500 


3 

770 

E 

75 

70 

125 

5 

105 

165 

15 

200 


150 

30 


10 

45 


30 

90 


15 

520 


1 

475 


5 

780 

F 

75 

105 

127 

5 

150 

172 

25 

200 


150 

45 


10 

72 


50 

90 


15 

1000 


1.3 

275 


5 

1000 

G 

75 

150 

132 

6.5 

40 

175 

25 

260 


150 

65 


13 

16 


50 

110 


50 

700 


1.3 

450 


10 

910 

6 

250 

150 

133 

6.5 

80 

176 

50 

165 


500 

70 


13 

35 


100 

63 


0.4 

200 


1.3 

450 


3 

370 

104 

2 

28 

135 

6.5 

108 

208*1 

15 

75 


4 

7 


13 

52 


30 

35 


3 

550 


5 

1000 


10 

1900 

213*1 

15 

110 

240-5 

25 

430 

260-6 

50 

445 


30 

50 


50 

180 


100 

210 


5 

630 


5 

1800 


10 

375 

240*2 

25 

270 

250-5 

25 

750 

335 

50 

78 


50 

110 


50 

375 


100 

37 


operating hours per day and a cut-off many of the higher voltage and higher 
voltage of 1 volt for the first ten cells current LeClanche dry-cell batteries. The 

listed and 0.8 volt for the remaining cells F-type cell, for example, is popular in 

except numbers 176 and 335, which are the construction of several popular 
based on a cut-off of 1 volt. communications batteries. To determine 

Use a D-size cell as an example. If a the service life when cells are connected 
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in parallel you need only divide the 
current drain by the number of parallel 
cells. Of course, the number of cells 
connected in series determines the final 
voltage and equals the number of cells 
times the voltage per cell. 

A chart such as that shown in fig. 2 
gives more detail on the capacity of an 
individual cell type. In this example, 
service life in hours is plotted against 
current demand for various values of 
cut-off voltage. 

What would be the service life in hours 
to a cut-off of 1.2 volts with a 50 mA 
current drain? From the 1.2-volt curve in 
fig. 2 this can be determined as 120 
hours. Figures are based on four hours of 
operation per day (this could be typical 
for many of the more active radio 
amateurs). 

What would happen to the service life 
if two of these cells were connected in 
parallel, placing a current demand of only 
25 mA on each cell? The 25 mA line in 
fig. 2 intersects the 1.2-volt curve at 
approximately 270 hours. Note that this 
more than doubles the service life 
expected from a single cell. 



2. Estimated service life for F-type batteries 
when discharged 4 hours per day at 70°F 
(courtesy Burgess Battery). 


Temperature has a decided influence 
on battery discharge. In the D-type 
carbon-zinc cell example of fig. 3 the 
decline to 1 volt occurs in about 1 hour 
at 70° F while the drop to 1-volt occurs at 



fig. 3. Temperature influence on rate of battery 
discharge (courtesy Eveready). 


32°F in only one-half hour. Figures 
assume a current demand of 667 mA. 

basic battery types 

In experimenting with solid-state cir¬ 
cuits and in QRPP operations of 1 watt 
and under, I usually use the common 
lantern battery. The 12-volt Eveready 
732 and Burgess Radar-Lite TW2 consist 
of eight F-type dry cells in series. The 
data of fig. 2 are appropriate. 

A current drain of 100 mA corres¬ 
ponds to an available power of 1.2 watts. 
If the lantern battery were subject to four 
hours of continuous operation per day 
the individual cell voltage would fall to 
1.2 volts after 50 hours of operation. 

This seems to be a short time. How¬ 
ever, a number of additional factors must 
be considered. Do you operate four hours 
per day? How many hours per day would 
the 1.2-watt demand be made on the 
battery? This is important when you 
consider that your receive time is always 
longer than your transmit time. You do a 
substantial amount of listening around 
the band and then, depending upon 
whom you are in contact with, the 
transmit and receive times can be esti¬ 
mated at 50%. Furthermore, in CW opera¬ 
tion you are placing an intermittent 
demand on the battery rather than asking 
for a continuous 1 watt of power. It may 
well be that during a 4-hour operating 
period your key may be down for one 
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hour or less. Thus, your actual battery 
life may be 4 to perhaps as high as 6 
times greater than is suggested by the 
50-hour life figure. This represents 200 to 
300 hours of operating time and, in terms 
of the usual ham QRPP activity, you are 
talking about months of operation. 

Two lantern batteries in parallel more 
than double the operating time. Or you 
can step up to the Eveready Hot-Shot 
1463. This battery uses 16 G-type cells, 
table 2, connected in two parallel strings 
of eight. Since there are two sets in 
parallel, you must either halve the current 
values given under starting drain or 
double the service capacity hours, to 
obtain an approximate service capacity 
figure of the G-type battery data of table 
2. This actual figure will be somewhat 
greater than the chart indicates because, 
as pointed out, the service capacity more 
than doubles when current drain is 
halved. 

A rechargeable battery designed specif¬ 
ically for electrical and electronic applica¬ 
tions is the alkaline-manganese dioxide 
type shown in fig. 4. Although recharge¬ 
able, their electrochemical systems can be 
hermetically sealed. Such batteries are 



DISCHARGE TIME (HOURS) 




DISCHARGE CURRENT (AMPERES) 


fig. 5. Characteristics of a nickel-cadmium cell 
(courtesy Eveready). 



fig. 4. Rechargeable alkaline-manganese battery 
type 564 (courtesy Eveready). 


maintenance free and they operate in any 
mounting position. Electrodes are made 
of zinc and manganese dioxide while the 
electrolyte is potassium hydroxide. 

These cells come in two forms, meet¬ 
ing the physical dimensions of the D- and 
G-type dry cells. The characteristics of 
the Eveready D and G cells are given in 
table 3. Note the voltage values and the 
high ampere-hour capacities of these cells. 

Higher voltage and/or higher discharge 
current capacities are obtained by using 
these fundamental cells in series and 
parallel groupings. This 564 battery, 
shown in fig. 4, uses nine G cells in series 
and has a 5 ampere-hour capacity that 
can deliver 1.25 amperes for a period of 
four hours without recharge. We are now 
talking about more than 10 watts of 
available power and, in fact, 10 watts 
continuous for a period of four hours. As 
mentioned previously, four hours of con¬ 
tinuous key-down operation usually 
corresponds to more than 12 hours of 
continuous operating time. 

Of course, you can anticipate many 
days of operation without a recharge. 
Considering that the battery can be 
recharged 25 or more times, there is 
adequate energy available to last a year or 
more for even the most active 5- to 
10-watt QRP operator. 
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fig. 6. Seated six-volt nickel-cadmium battery 
(courtesy Eveready). 


The rechargeable nickel-cadmium 
battery is a popular secondary battery for 
use in electronics and electrical systems. 
Again, it is a shielded battery and there 
are no corrosive fumes or the need for 
adding electrolyte. An especially attrac¬ 
tive advantage of the nickel-cadmium 
battery is its nearly constant discharge 
potential. The discharge-charge cycle may 
be repeated as many as 300 to 500 times. 


table 3. Characteristics of basic alkaline-manganese celts. 




rated 

maximum 



average 

ampere- 

recommended 

celt 

nominal 

operating 

hour 

discharge 

size 

voltage 

voltage 

capacity 

current 

D 

1.5 

1.0 - 1.2 

2.5 

0.625 ampere 

G 

1.5 

1.0 * 1.2 

5.0 

1.25 ampere 


This means that a nickel-cadmium battery 
selected for most amateur applications 
will have an exceedingly long life it if is 
not abused. 

Eveready nickel-cadmium 1.25-volt 
cells are available in button (20-300 
milliampere-hours), cylindrical (150-4000 


mA-hours), and rectangular (6-23 
ampere-hours) types. Individual cells are 
welded together to obtain higher operat¬ 
ing voltages. The cell voltage-discharge 
time characteristics of a typical cell are 
given in fig. 5. Note that the voltage on 
discharge holds rather constant over the 
discharge time until near the break in the 
curve. It is not advisable to let the cell 
voltage drop below 1.1 volt before re¬ 
charge is initiated. In so doing the cell 
voltage is held up and the life of the 
battery is extended. The lowest graph 
shows the capacity-discharge current 
characteristic of the cell. For example, it 
shows that with a 1.2-ampere discharge 
current and a cutoff of 1.1 volt, the 
battery has an ampere-hour capacity of 
about 1.12 ampere-hours. 

The Eveready N86 battery consists of 
ten of these cells connected in series to 
obtain 12.5 volts. On the basis of a 
10-hour discharge at a rate of 120 mA, 
the capacity of the battery is 1.2 ampere- 
hours. Its discharge characteristic is 
shown in fig. 1. Note that the battery 
voltage drops to 11 volts near the 10-hour 
calibration line when the current demand 
is 120 mA. 

There are many nickel-cadmium 
battery types. The Eveready 1007, fig. 6, 
is a four ampere-hour, six-volt battery 
that is completely encased. On a 10-hour 
basis it would have a rated current of 400 
mA. It includes a socket for plugging in a 
companion charger. The Burgess CD33 is 
a 6-volter of lantern-battery size with a 2 
ampere-hour capacity and includes a 
built-in charger. 

The nickel-cadmium battery can be 
trickle-charged and kept up to full charge 
just as you would maintain an ordinary 
lead-acid storage battery. Usually the 
trickle-charge current is about one- 
quarter of the rated discharge current. 

Next month's column covers battery 
chargers and the increasingly popular 
gelatin electrolyte lead-acid secondary 
battery. I will also discuss how a solar 
power converter can be used to trickle- 
charge or fully charge the various types of 
rechargeable batteries. 

ham radio 
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temporary fix for 
noisy volume controls 

Gain control pots eventually become 
intermittent at the point of maximum use 
and thus can make a fine piece of 
equipment almost unusable. This 
happened to the audio gain control in my 
Collins 51J3, and having torn the receiver 
apart once before to work on the PTO I 
had no desire to go through all that work 
again just to change a noisy potentio¬ 
meter. 

Since a worn pot manifests itself by 
sudden jumps in level, distortion and 
bursts of noise, I reasoned that a "fix” 
that had a stabilizing effect at the tube 
grid might suppress the problem suffi¬ 
ciently to make the receiver usable again. 
Many audio circuits resemble the Collins 
circuit shown in fig. 1, so my first 
attempt was to put a fixed resistor from 
the wiper (tube grid) to ground. This did 
exactly what I wanted, and after a little 
experimentation to find optimum value 
(5k still provided enough audio to drive 
me from the room, yet reduced the effect 
of the noisy spot to the point where I 

WRAPPED AROUND 



ground substantially reduced noise generated 
by worn 500k volume control. 


tebook 

have to listen carefully to find it) my 
faithful 51J3 was back in business. 

Being essentially lazy, and seeing that 
this was a "temporary” repair anyway, I 
didn't even pull the receiver out of the 
cabinet to add the resistor. Instead, I 
simply wrapped a piece of wire around 
the grid pin of the audio tube, ran the 
wire up alongside the tube and out 
through the top of the shield, and 
soldered the 5k resistor to it. The other 
end of the resistor is grounded by a 
handy nearby wing nut. It may not look 
very nice, but it sure works well— and 
someday, when I really have to tear into 
the receiver, I do plan to replace that 
noisy pot! 

Joe Schroeder, W9JUV 

counted frequencies 

In some configurations, a frequency 
counter may not properly show the 
received (or transmitted) frequency. I 
refer to those cases where a clarifier or 
variable bfo may be used. For example, in 
the Collins 75S-3 receiver the variable bfo 
changes the beat-note on CW. However, 
the 32S-3 exciter in transceive continues 
to use its own crystal bfo. Thus, a 
receiver frequency counter may not cor¬ 
rectly show the transmitted frequency 
nor the frequency to which the receiver is 
tuned. 

Similar peculiarities can occur in the 
use of the clarifier, a term used in Yaesu 
and some other designs. The nature of 
these devices should be studied before a 
counter frequency is relied upon to show 
the frequency that you are interested in. 

Bill Conklin, K6KA 
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two-meter fm sets 



General Aviation Electronics (Genave) 
has introduced a new vhf fm system 
called Mobiline. This system, which con¬ 
sists of Mobiline / and it two-way fm 
mobile units and a variety of fixed base 
stations, offers considerable system flexi¬ 
bility. Mobiline /, for example, is 
designed for use in lightly populated areas 
with low signal density communications 
environments. These units accommodate 
two communications channels in the fre¬ 
quency range from 143.9 to 173.4 MHz, 
and are equipped with separate volume 
and squelch controls and transmit indi¬ 
cator light. A plug-in microphone and 
mobile mounting bracket with anti-theft 
device are included at no extra charge. 

The Mobiline H provides the same 
basic capability as the Mobiline /, but has 
additional circuitry to permit use in 
heavily populated, high signal density 
communications environments. Refine¬ 
ments in the receiver section provide 
higher selectivity, improved spurious 
response and superior adjacent channel 
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rejection. The Mobiline H like Mobiline /, 
features nominal 25-watts output power 
and 0.5 /uV sensitivity for 20 dB quieting. 

Either of these two radios is easily 
adaptable to fixed based station use. The 
Genave base-station packages include a 
stainless-steel 3-dB gain antenna with 
50-feet of RG-8/U coaxial cable and 
connectors. Also included is the standard 
hand microphone (optional desk-type 
microphones are available starting at 
$34.95). Another important option is the 
MobUPack portability accessory. This 
allows the Mobiline owner to operate 
portable in the field or in vehicles with¬ 
out electrical systems. Th e MobifPack will 
provide a minimum of 24 hours of service 
on full charge and costs $124.95. Also 
available for the Genave Mobiline system 
is a sub-audible tone squelch system 
called MobilGuard. 

The Mobiline / is priced at $319.95, 
the Mobiline II is $399.95 (including one 
channel). For more information write to 
General Aviation Electronics, 4141 King- 
man Drive, Indianapolis, Indiana 46226, 
or use check-o ff on page 94. 

test equipment for 
the radio amateur 

Techniques of measurement and 
instrumentation have progressed rapidly 
in recent years, with the result that many 
very sophisticated methods of measure¬ 
ment are now available to the serious 
radio amateur. The development of 
modern semiconductor devices has meant 
that many items of equipment that were 
previously barred from the amateur work¬ 
shop on the grounds of complexity, cost 
or size, have suddenly become a realistic 
possibility. 

This new book by H.L. Gibson, 
G8CGA, published by the RSGB, 
explains in detail the theory behind 
modern measurement techniques, and 
goes on to describe many items of equip¬ 
ment of special interest to the amateur 
experimenter and home builder. Many of 
the construction articles feature instru¬ 
ments that have not before appeared in 
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print. Readers are taken through the 
basics of indicating and electronic instru¬ 
ments, and on to the techniques of 
frequency, power and noise measurement 
using up-to-the-minute components and 
methods. Included are chapters on 
meters, electronic instruments, dip 
oscillators, frequency and rf power 
measurements, noise measurement, 
antenna and transmission-line measure¬ 
ments, signal sources and attenuators, 
oscilloscopes, swept-frequency measure¬ 
ments, and components, vacuum tubes 
and transistors. 

The section on electronic instruments 
includes circuit details on vacuum-tube 
voltmeters, fet voltmeters, transistor 
multimeters, diode probes and input 
attenuators. The chapter on dip 
oscillators includes valuable information 
on using the instrument as well as con¬ 
struction details for several solid-state 
units. The frequency measurement 
chapter covers frequency standards, 
crystal calibrators, digital counters, 
absorption wavemeters, harmonic 
indicators and a simple audio-frequency 
meter. 

The chapter on rf power measure¬ 
ments includes data on dummy loads, 
thermal converters, rf ammeters, rf volt¬ 
meters, thermistor/bolometer bridges and 
directional wattmeters. Noise sources, 
noise generators, noise factor compar¬ 
ators and routine noise-figure checks are 
discussed in the chapter on noise, and 
vswr meters, vhf/uhf reflectometers, field 
strength meters and noise bridges are 
covered in the chapter on antenna 
measurements. Also described in the 
book are a rf signal generator, an audio 
signal generator, a two-tone test 
oscillator, oscilloscopes, modulation 
monitors, i-f sweep generators, an RCL 
bridge, a capacitance meter, a logic tester, 
a fet mutual conductance tester and 
many others. The reference data section 
includes much useful electronic and 
mechanical data as well as instructions for 
temperature and air-flow measurements. 
Hardbound, 132 pages. $5.95 from Ham 
Radio Books, Greenville, New Hampshire 
03048. 
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function generator 



Tucker Electronics Company has an¬ 
nounced the first two instruments of 
what is expected to be a comprehensive 
new series. The model 300A is a 0.1- to 
1-MHz basic function generator offering 
10-volt p-p output into 50 ohms and less 
than 2% sinewave distortion. The instru¬ 
ment provides sinusoidal, square and tri¬ 
angular wave switched outputs and a 
corresponding sync output. Dc offset of 
±2.5 volts is standard in the small, por¬ 
table unit. 

The second instrument is called the 
model 310A and adds variable pulse to 
the basic functions of the model 300A. 
The 310A's TTL compatible pulse can be 
varied from 1 -/us to 10-millisecond pulse 
width and has rise and fall times better 
than 25 nanoseconds. All the standard 
300A features are included. 

In addition to an exceptionally low 
sale price, each instrument can be rented 
with an excellent purchase option. The 
Tucker 300A is priced at $195.00 (rental 
rate $19.50/month) while the Tucker 
310A is priced at $295.00 (rental rate 
$29.50/month). 

Tucker Electronics Company is best 
known as the world's largest distributor 
of reconditioned test instruments with an 
inventory exceeding 15,000 instruments. 
Tucker currently sells no less than 18 
lines of new instruments including 
Weston Instruments, T.R.I. Corporation, 
Philips and several other well known 
lines. 

For more information, write to Tucker 
Electronics Company, Post Office Box 
1050, Garland, Texas 75040, or use 
check-off on page 94. 
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As you look through this month's issue of 
ham radio, you'll see that two new 
sections have been added. The first, stop 
press on page 6, is a monthly summary of 
late news and happenings which affect 
amateur radio. In the jargon of the 
newspaper world, stop press means exact¬ 
ly that. If a hot story breaks while your 
morning paper is still coming off the 
presses, or if a big story takes a dramatic 
new turn, the presses grind to a halt so 
the new story can be added. If the story 
is big enough to justify a stop press 
edition, it's usually big enough to require 
a complete remake of the front page, 
banner headlines and all. Nor does the 
task stop there—room has to be found on 
the inside pages for stories crowded off 
the front page, re-edited to fit the avail¬ 
able space, less important news items cut 
to the bone, and others discarded. Such a 
last-minute, crash effort is obviously ex¬ 
pensive, so you don't see stop press 
editions every day, the editors opting 
instead for their regular early and late 
editions. 

For a monthly magazine such as ham 
radio, however, a stop press edition in 
newspaper terms would be a practical 
impossibility. A crash effort to get 
WA6UAM's 1296-MHz article into this 
issue, for example, started the middle of 
May, immediately after it was first intro¬ 
duced at the West Coast VHF Confer¬ 
ence. Nevertheless, it is possible, with 
proper planning, to insert whole pages a 
few hours before the magazine goes to 
press. Such is the case of stop press in this 
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issue. With this technique, stop press is 
dated only by the slowness of second- 
class mail—typically three to four weeks. 
For immediate, up-to-date coverage of 
amateur radio news, in much more detail 
than can be presented within the limited 
confines of stop press, subscribe to HR 
Report {see page 98), our bi-weekly 
newsletter which more and more ama¬ 
teurs are depending upon to stay current 
with fast-breaking news from the FCC, 
ARRL and industry. 

Some readers may be concerned that 
stop press is the beginning of an editorial 
swing to the non-technical aspects of 
amateur radio. Such is not the case—ham 
radio will continue to bring you the latest 
technical and construction information 
available, as we have in the past. But with 
a World Administrative Radio Conference 
scheduled for 1979, restructuring of the 
amateur service probably only a matter of 
time, and the many new proposals being 
offered by the FCC, it is imperative that 
the amateur community be well in¬ 
formed. Stop press is a small step in that 
direction. 

The other new section in this issue is 
pr bandstand on page 76, a one-shot 
chance for our advertisers to blow their 
own horns. If you like the idea, we'll do 
it again next year. Our regular new 
products section, displaced temporarily 
by the bandstand, will return next 
month. 

Jim Fisk, W1DTY 

editor-in-chief 




FCC ORDER RELAXES LOG KEEPING , and from now on NO mobile logs and only mini¬ 
mal fixed-station logs are required of amateur stations. Fixed (and portable) 
stations must maintain log book , but must record only contacts involving third- 
party traffic or during which an operator other than the station licensee was at 
the controls. 

ANY EXTRA-CLASS LICENSEE COULD REQUEST PREFERRED CALL , even a two-letter call 
that previously required 25 years as a licensed amateur, under FCC Docket 20092. 
Extra Class licensees would also be permitted to hold as many "preferred” (one- 
by-three) calls as they had additional stations, although only one two-letter 
call would be permitted. 

ARRL NATIONAL CONVENTION OPENED JULY 19 , and for three days New York’s Waldorf 
Astoria resembled the DX pileup on Kingman Reef. Weather was perfect, and show 
management estimates over 4000 attendees showed up. 

Banquet Tickets Were Gone early Saturday afternoon, and commercial exhibitors 
were almost all enthused, as the three exhibit halls were well filled almost all 
the time they were open. Despite the high level of activity in the exhibit halls, 
however, the many forums all attracted substantial support too. 

ARRL Band Flans for 50- and 450-MHz bands were announced at Repeater Forum. 

In brief, 6 meters will be low in, high out, on 20-kHz centers; 450 will be high 
in, low out, on 50-kHz centers. Auxiliary links, ATV and satellite communica¬ 
tions are all accomodated on 450. 

FCC CHAIRMAN RICHARD WILEY provided one of the weekend’s high points with his 
ringing pro-amateur radio speech. Anyone who came with reservations about the 
new chairman’s feelings toward the amateur service lost them quickly — he’s been 
looking us over pretty closely, and is, for the most part, enthused about what 
he’s seen. 

After Reviewing Recent Amateur-Related FCC Activities he touched on amateur 
restructuring (still evolving, and amateur inputs welcome) and Class-E CB (not 
yet decided one way or the other). He and the other FCC staffers then fielded 
questions from the floor: License fees — will probably be reduced, perhaps to 
as low as half the present schedule. 160 meters — should see some restrictions 
lifted soon in some areas as Loran A begins to be phased out. Codeless license 
— very probable part of restructuring, but only above 144 MHz and placed so as 
to offer little disturbance to existing amateur operations. 

IMPORTANT NEW FCC ACTIONS highlighted the FCC Forum. FCC has just issued 
Notices of Proposed Rulemaking which would: lift the restrictions on repeater 
linking ; lift restrictions on repeater crossbanding ; and clarify commemorative 
callsign procedures . 

NEAR RESTRUCTURING OF CB by FCC is provided by three items released July 24. 

Most far-reaching is Docket 20120, a Notice of Proposed Rule Making that greatly 
expands Class D (27-MHz) CB. 27.23 to 27.54 MHz segment would be added, with 

26.96-27.31 to present AM and SSB only on 5-kHz channels! Restrictions on per¬ 
mitted communications would also be eased. This NPRM seems to neatly avoid or at 
least effectively put off action on the 220-MHz Class-E band. Hmmm... 

The Second Shoe Dropped on CB July 24 is Docket 20118, which would prohibit 
the sale, lease, offer for sale or lease, or importation of RF power amplifiers 
capable of amplifying signals in the 20-40 MHz range! The only noteworthy excep¬ 
tion to the ban is for multiband amplifiers specifically designed for amateur use. 

Low-Power CB Handie-Talkies Will Move near 50 MHz if FCC Docket 20119 goes 
through. Commercial hand-held units not requiring operating licenses would be 
moved from 27 MHz to 49.91-49.99 MHz, and would require type acceptance by the FCC. 

W5BWQ OF AUSTIN, TEXAS , is ham radio’s most happy fellow, having recently taken 
delivery of a 1974 Chevy Vega, plus a car full of Swan amateur gear including an 
SS-200 Solid-State HF Transceiver and an FM-2XA Two-Meter FM Transceiver. All of 
this was his reward for winning HR’s 1974 sweepstakes. Now it’s your turn — 
next year. 



easy-to-build 

ssb transceiver 


for 1296 MHz 

Complete description 
of a simple 
sideband system 
for the amateur 
23-cm band — 
the same technique 
can be used 
for the other 
uhf bands 


The simple microwave ssb system pre¬ 
sented here was used to achieve Northern 
California's first recent two-way ssb com¬ 
munications on 1296 MHz, between 
WA6UAM and K6UQH, on April 14, 
1974.* Aside from any precedent which 
may have been established, the method 
used to transmit and receive microwave 
ssb represents a significant breakthrough 
in that it is simple, straightforward, in- 
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expensive and readily reproducible by 
any uhf enthusiast. Neither specialized 
tools nor elaborate test equipment is 
required to build this equipment - equip* 
ment that provides the capability for 
line-of-sight ssb contacts on the amateur 
23-cm band. 

Fig. 1 shows the scheme generally used 
for the transmission and reception of uhf 
ssb signals. The received signals are 
down-converted in the conventional 
manner into the high-frequency spectrum 
where they are detected by the station 
receiver. Similarly, a high-frequency 
signal generated by the station exciter is 
heterodyned up to uhf, then amplified 
and transmitted. Note the high degree of 
redundancy present in this system. Both 
the transmit and receive converters use a 
mixer and local-oscillator chain, the func¬ 
tion of each being essentially identical to 
its counterpart. 

Assuming the availability of a bilatera 

•Some years ago, K6HCP and W6GDO rar 
successful 1296-MHz ssb schedules, each usings 
2C39 as a simultaneous mixer and LO doubler 
The resulting ssb output was easily copyable, it 
not exactly spectrally pure. Bandpass filter? 
were used to attenuate the undesired product? 
at the antenna. The equipment currently usee 
by WA6UAM and K6UQH, described in thii 
article, uses diode balanced mixers with injec 
tion at the ultimate LO frequency. This methoc 
of heterodyning produces clean 1296-MHz ssfc 
without excessive intermodulation products 

Editoi 














mixer (one which operates equally well in 
both the forward and backward 
directions), the system can be simplified 
as indicated in fig. 2. Obviously, a passive 
mixer must be used in this application. 
Any active device designed to provide 
conversion gain in, say, the up direction. 


of numerous stages of linear amplification 
after the transmit conversion. 

It is evident from fig. 2 that by 
eliminating redundant circuitry, the TR 
switching complexity has increased three¬ 
fold. Assuming that means could be 
found for eliminating the requirements 


fig. 1. System normally used for the trans- VT7 
mission and reception of uhf ssb signals. Note V 
the high degree of redundancy. 


FEEDUNE 



EXCITER 



CRYSTAL - CONTROLLED 
LOCAL-OSCILLATOR CHAIN 


CRYSTAL- CONTROLLED 
LOCAL-OSCILLATOR CHAIN 



cannot function as a down mixer as well. 
Fortunately, singly- and doubly-balanced 
diode mixers function effectively in 
either direction, with only a few dB of 
conversion loss. 

The greatest drawback of the diode 
mixer, so far as transmit conversion is 
concerned, is its limited power-handling 
capability: This normally requires the use 



fig. 2. This uhf ssb system, which uses a 
common local-oscillator chain and balanced 
diode mixer, minimizes circuit redundancy but 
requires three TR relays. 


for separate receive and transmit amplifi¬ 
cation, TR relays K1 and K2 could then 
be eliminated, too. Of course, such dras¬ 
tic simplification would jeopardize both 
the receive sensitivity and transmit 
power. However, depending upon the 
application, these tradeoffs might well be 
justified. Such was the case with the 
1296-MHz station at WA6UAM. 

The details for the Simple 1296-MHz 
Sideband System are shown in fig. 3. 
Equal emphasis was placed on simplifying 
the system to its minimum required 
content, and optimizing each sub- 
assembly to provide reliable communica¬ 
tions over a reasonable range. Free-space 
loss and receiver noise calculations indi¬ 
cate that ssb communications between 
two such stations would be practical to 
distances of at least 100 miles (160 km). 

Note the total elimination of TR 
relays and feedlines (and their resultant 
losses) in the microwave portion of this 
system. This is accomplished by mount¬ 
ing the mixer, filter and LO chain directly 
at the antenna (readily accomplished, as 
these modules are both lightweight and 
relatively small), and pumping only 
28-MHz energy (plus 12 Vdc for the local 
oscillator) up and down the tower. The rf 
modules and antenna might even be 
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combined into a single physical unit, as 
shown in fig. 4. 

mixer 

So far as design tradeoffs are concern¬ 
ed, the mixer is, by far, the most critical 
component of the Simple Sideband 
System. To obtain a reasonable receive 
noise figure, low conversion loss is of 
paramount importance. At the same time 
usable transmit rf levels dictate high 
power-handling capabilities. As will be 
shown in a minute, these two criteria 
tend to be mutually exclusive. With 
readily available Schottky-barrier (hot- 
carrier) diodes in a balanced mixer, the 
system seems to optimize at about 6-dB 
conversion loss, with 3 mW of usable 
output power. Don't scoff at these seem¬ 
ingly restrictive figures. Calculations (see 
page 21) will show that this type of 
performance is more than satisfactory for 
communications to the edge of the visual 
horizon, and perhaps beyond. 

Several reproducible uhf balanced 
mixers have been published recently. 
1 , 2 , 3 ,4 The balanced mixer presented 
here is based upon a design developed by 
W6FZJ, and currently used by him on 
2304 MHz. Versions for 1296 MHz have 
been built by both WA6UAM and 
WB6JNN, and provide a considerable 
improvement over the single-diode 
trough-line or interdigital designs fre¬ 
quently used by amateurs in uhf trans¬ 
mitting and receiving converters. An 
improved version of the W6FZJ mixer, 
which uses a commercially available balun 
to match the rf port of the mixer to the 
50-ohm transmission line, will also be 
described. 

Whatever mixer design is chosen, the 
diodes you select will determine its con¬ 
version loss and power-handling 
capability. One high-power, low-cost de¬ 
vice is the Hewlett-Packard 5082-2817.* 

* Hewlett-Packard 5082-2817 hot-carrier diodes 
are available in small quantities for $1.50 each 
from any Hewlett-Packard sales office. Matched 
pairs (5082-2818, $3.25), and matched quads 
(5082-2819, $7.00) are also available. If you 
can't find a Hewlett-Packard sales office in the 
Yellow Pages, write to Hewlett-Packard, 1101 
Embarcadero Road, Palo Alto, California 94303. 
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These diodes have a burnout rating of 
4.5-watts peak, or 1-watt CW, and are 
capable of conversion efficiencies of 
better than -5 dB. 

practical mixer circuit 

The complete 1296-MHz mixer shown 
in fig. 5 uses hybrid construction (dis¬ 
crete components on etched micro¬ 
stripline), making duplication relatively 
straightforward for anyone with access to 
PC board fabrication facilities. Given 
sufficient time and patience, you can 
even "etch” your substrate with an 
Exacto knife and straightedge. At least 
four such manual efforts have been com¬ 
pleted to date, and performance is equal 
in all respects to photochemically pro¬ 
duced versions. 

The equivalent circuit shown in fig. 6 
will help to clarify the operation of the 
mixer. Rf energy injected into the delta 
(A) port is transformed by the balun so 
that there is a 180° phase difference 
between the signals applied to the two 
diodes. The diodes are effectively in series 
and of like polarity so that the applied rf 
simultaneously biases both diodes on and 
then off, for alternate half-cycles. 



fig. 3. The Simple Sideband System, shown 
here, has been reduced to its ultimate simplicity 
but can still provide beyond-the-horizon com¬ 
munications when used with a high-gain 
antenna. 




Rf energy applied to the sigma (2) 
input is transmitted down a quarter- 
wavelength, two-way power divider 
(which looks like a tuning fork) so that 
the signals it applies to the two diodes 
appear in phase. Since the diodes are in 
reverse polarity with respect to their bias 
return (common junction), this rf is 
applied to the two diodes out of phase. 
The simultaneous application of in- and 
out-of-phase rf signals to the diode pair 
results in a signal at their junction com¬ 
posed of the rf applied to the sigma (2) 
port, chopped at the rate of the rf applied 
to the delta (A) port. This complex 
repeating waveform can be shown by 
Fourier analysis to contain components 
of the sigma frequency, the delta fre¬ 
quency, their sum and their difference. 
Mixing, by the traditional definition, has 
occurred. The circuitry shown to the right 
of the diodes in fig. 6 serves the purposes 
of signal conditioning (filtering out all 
but the difference-frequency com¬ 
ponent), dc bias return and a means of 
measuring diode bias current. 

The most significant advantage of the 
balanced mixer over a single-ended design 
is that rf injected into the delta port is 
isolated from the sigma port, and vice- 
versa. To see how this is accomplished, 
consider a balanced signal applied to the 
two diodes through the delta port. In 
addition to feeding the diodes, this signal 
is shunted by the sigma port's power 
divider. Note that the power divider 
appears to this signal as a balanced 
transmission line shorted at the load end. 
Since this transmission line is a quarter- 
wavelength long at the delta frequency 
(assuming the delta and sigma signals are 
close in frequency), it transforms the 
short to an open, and the sigma port is 
effectively nonexistent so far as the delta 
signal is concerned. 

Conversely, rf injected into the sigma 
port divides down the power divider, and 
appears to the diodes as two signals, equal 
in amplitude and phase. Looking toward 
delta, these two signals are cancelled in 
the balun and, thus, never reach the delta 
port. 


It should be noted that single-balanced 
mixers provide no isolation whatever 
between the i-f port and either the delta 
or sigma port. Hence, filtering is required 
to remove the higher-frequency com¬ 
ponents from the i-f. Such filtering is 
accomplished in the hybrid balanced 
mixer by virtue of stubs at the i-f side of 
each diode, a quarter-wavelength long at 
1296 MHz and open at the far end. These 



fig. 4. Antenna-mounted transceive converter. 
With this arrangement, using the system of fig. 
3, only 28-MHz energy must be run down the 
tower to the operating room. 

quarter-wavelength sections ground out 
the i-f port to energy near 1296 MHz. 

Derivation of the balun used in the 
hybrid balanced mixer is shown in fig. 7. 
Fig. 7A is a coaxial balun frequently used 
in antenna work. In fig. 7B, the same 
balun is straightened out to improve 
symmetry. Note that a common ground is 
still required between the far end of the 
stub and a point one quarter-wavelength 
back on the feedline. This ground is 
frequently accomplished by connecting 
to the walls of the half-wave-long box in 
which the balun is built. In the case of 
the hybrid balanced mixer, the return is 
to a ground plane, on the opposite side of 
a substrate to which the balun is 
attached. 

Both bandwidth and balance may be 
improved by modifying the in-line balun 
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fig. 5. This high-performance 1296-MHz balanced mixer uses etched 1/16” (1.5 mm) thick 
Teflon-fiberglass printed-circuit board and a coaxial balun. Full-size printed-circuit layout is shown 
in fig. 8. An equivalent circuit of this mixer, illustrating circuit operation, is given in fig. 6. 


of fig. 7B as shown in fig. 7C. In this 
version the stub is a piece of coax 
identical to the original feedline. The 
center connector of the feeder is now 
connected to the center conductor, rather 
than to the shield of the stub. At the far 
end of the stub the center conductor is 
open. A quarter-wavelength toward the 
source (at the junction of the feeder and 
the stub) this open is transformed to a 
short, and rf sees the center conductor of 
the stub as being continuous with the 
shield. Therefore, the circuit at fig. 7C is 


electrically identical to that of fig. 7B, 
but with improved physical symmetry. 
Balanced output is taken from the same 
point as before. 

Note that at the far end of the stub 
the center conductor must be open, and 
the shield grounded. Again the balun may 
be constructed upon a substrate, with 
return through it to a groundplane. 

The balun used in the 1296-MHz 
mixer is made from a single piece of 
UT-141 type semirigid coax {50-ohms, 
Teflon dielectric, 0.141-inch [3.5-mm] 
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DC BLOCK AND 
LOW-PASS FILTER BIAS RETURN 



OD). Correcting for velocity factor, the 
quarter-wavelength sections are each 
1-11/16-inches (43-mm) long. Judicious 
use of an Exacto knife and small tubing 
cutter will aid in the removal of 1/16-inch 
(1.5-mm) of the outer conductor at the 
junction of the feeder and the stub. Since 
no physical connection must be made to 
the center conductor at this junction, the 
Teflon dielectric should not be disturbed. 
Allow a short length of center conductor 
to extend beyond the quarter-wavelength 
section comprising the feeder coax. This 
will be attached to the center pin of the 
delta port's coax connector. 

The mixer's substrate is etched on one 
side of a 1/16-inch (1.5-mm) thick, 
double-sided, 1 ounce, copper-clad. 
Teflon-fiberglass PC board. Do not use 
fiberglass-epoxy board, as its dielectric 
constant is not correct for the dimensions 
provided in fig. 5. The use of Teflon PC 
board is necessary in this design so that 
the velocity of propagation (and hence 
the electrical wavelength) of the striplines 
will approximate that of the coax balun. 
The full-sized PC layout is shown in fig. 
8. All micro-striplines must be opposite a 
groundplane (the other unetched side of 
the double-sided board). 

Although Teflon PC board makes an 
excellent substrate for micro-striplines at 
1.3 GHz, it is quite expensive (and in 

*Anzac model TP-101, 500 kHz to 1.5 GHz, 
50-ohms balanced to 50-ohms unbalanced 
transformer with midband insertion loss of 0.4 
dB maximum and vswr 1.6:1 maximum, $15.50 
in single quantities from Anzac Electronics, 39 
Green Street, Waltham, Massachusetts 02154. 


some areas, totally unobtainable). The 
use of fiberglass-epoxy board, though it 
would increase losses slightly, would 
bring this type of equipment within reach 
of many experimenters who might other¬ 
wise be deterred. Of course, a glass-epoxy 
substrate is incompatible with the 
UT-141 coax balun because of the widely 
different velocities of propagation of the 
two mediums. In order to develop a 
1296-MHz balanced mixer on glass-epoxy 
board, a different method of unbalanced- 
to balanced transformation is required. 

Anzac Electronics manufactures an 
appropriate balun of moderate cost, 
excellent electrical performance and small 
physical size which frees the mixer design 
from restrictions as to substrate 
material.* Mixers built on 1/16-inch 
(1.5-mm) G-10 double-clad PC board 
using the Anzac balun exhibited 
improved matching at the rf port, an 
effect which more than offsets any addi¬ 
tional losses in the glass-epoxy dielectric. 

A schematic of the improved 1.3-GHz 
balanced mixer using the commercial 
balun is shown in fig. 9. Note that pins 1, 
3 and 5 of the balun must be grounded 
through the substrate to the groundplane. 
When mounting the balun, do not allow 
its case to short out the striplines of L2. 



Construction of the doubly-balanced mixer of 
fig. 5 t showing installation of the coaxial balun. 
Capacitors Cl and C2 can be seen between the 
two feedthrough capacitors. 
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Full-size artwork for a mixer board on 
1/16-inch (1.5-mm) G-10 PC board (e = 
4.8) is provided in fig. 10. Either of these 
two balanced-mixer designs (fig. 5 or fig. 
9) will provide satisfactory performance in 
the Simple Sideband System for 1296 
MHz. 

output power - noise figure tradeoff 

To avoid excessive intermodulation 
distortion in the transmit mode, it is 
desirable to inject into the i-f port a signal 
level at or below the mixer's 1-dB com¬ 
pression point. This is the level beyond 
which incremental increases in input 
power result in an ever-diminishing 
increase in output power. Such a situa¬ 
tion typically occurs with i-f injection 
5-dB below the local-oscillator signal 
level. 

Due to the ready availability of any 
desired signal level at 28 MHz, the i-f 
injection level is not considered a limiting 
factor in system design. The following 
discussion assumes the use of the opti¬ 
mum i-f injection level in the transmit 
mode; that is, 5-dB below whatever LO 
insertion is applied. 

In the transmit mode the usable out¬ 
put power is equal to the i-f injection 
level minus the mixer's conversion loss, 
L c . For operation at the 1-dB compres¬ 
sion point, this relationship can be ex¬ 
pressed as 

P out = P L o ( dBm,“5dB- L c 

This formula implies that the system 
power output continues to improve for 
increases in LO injection. This would be 
true were it not for the fact that conver¬ 
sion loss does not remain constant for all 
levels of LO injection. Fig. 11 demon¬ 
strates the variation in conversion loss, as 
well as optimum power output, as a 
function of LO injection level for a 
typical microwave diode balanced mixer. 
Note that optimum conversion loss 
occurs at an LO injection level of around 
+8 dBm. 

Beyond this point, though conversion 
efficiency degrades, output power con¬ 


tinues to increase. Indeed, within the 
power restriction of the HP 5082-2817 
diodes, it is possible to obtain about 16 
mW of clean output power. However, 
recall that the Simple Sideband System 
uses the same mixer and local-oscillator 
chain for both transmit and receive. Any 


CENTER CONDUCTOR 
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fig. 7 . Derivation of the coaxial balun used in 
the balanced mixer of fig. 5. Conventional 
balun in (A) has been straightened out in (B) to 
improve symmetry. Balun in (C) is identical, 
electrically, to the circuit in (B) but symmetry 
has been further improved. 

decrease in mixer conversion efficiency 
will degrade receive noise figure accord¬ 
ingly. Beyond +10 dBm of LO injection, 
transmitter power is gained only at the 
expense of receiver noise figure. 

The break-even point occurs at an LO 
power of +16 dBm. Beyond this level, 
each dB of increase in transmitter output 
results in one dB of receiver degradation. 
Thus, the Simple Sideband System 
optimizes at 6-dB conversion loss, 40-mW 
of LO injection, 12.6-mW of i-f drive and 
3-mW of output power. The tradeoff 
involved in determining this optimum 
performance point is illustrated by the 
Pout + J-c curve of fig. 11. The sum of 
conversion loss and output power is used 
as a figure of merit for communications 
between two identical systems. This sum 
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represents the output power available at 
the i-f port of a receive mixer which is 
driven by an identical transmit mixer 
operating at the 1-dB compression point. 
Note that as local-oscillator power is 
increased, a knee is reached beyond 
which additional power will serve no 


passband. The actual transmitter output 
power, after the filter, will thus be 

+7.8dBm-3.0dB-0.5dB=4.3dBm=2.7mW 

Note that the filter will also eliminate 
receiver image noise, as well as blocking 
those out-of-band signals which might 



fig. 8. Full-Size printed-circuit layout for the balanced mixer of fig. S. Material is 1/16” (1.5 mm) 
thick, double-sided Teflon-fiberglass circuit board. 


useful purpose. Thus it is desirable to 
operate the system at the knee of this 
curve, which I call the transceive figure of 
merit curve. 

bandpass filter 

With 40 mW of LO injection in the 
transmit mode, and using the balanced 
mixer described above, a mixer output 
power of 6 mW is indicated on a power 
meter. It must be remembered that this 
signal represents both the desired output 
signal (LO + i-f) and the image (LO - i-f). 
A bandpass filter with sufficient skirt 
selectivity to reject the image will also 
have about 0.5-dB insertion loss in the 


otherwise enter the mixer and cause 
cross-modulation distortion and interfer¬ 
ence. Of course, filter insertion loss must 
be added to mixer conversion loss and i-f 
noise figure when determining receive 
converter performance. 

Physically, the bandpass filter can be a 
half- or quarter-wavelength coaxial 
resonator, or a trough-line cavity such as 
has been used in previous 1296-MHz 
receiving converters. Coupling in and out 
can be accomplished by means of links, 
loops, taps, capacitors or even the coaxial 
matching scheme used by K6UQH in his 
latest converters. 5 In the interest of 
avoiding multiple responses, a similar 
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filter at the output of the LO chain may 
prove desirable. 

local-oscillator chain 

The key criteria here are stability and 
spectral purity. For maximum stability it 
is advisable to invest in the best possible 
low-temperature coefficient crystal you 
can afford.* An additional ten dollars 
invested in a quality crystal can do much 


provide minimum crystal feedback 
consistent with ready starting, and should 
of course be buffered. 

Spectral considerations dictate very 
careful selection of the multiplication 
scheme used to reach the desired injec¬ 
tion frequency. High-order multiplication 
in a single stage is out, as the resultant 
harmonic comb requires extensive filter¬ 
ing. W6FZJ, whose success on both 
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fig. 3. Improved 1296-MHz balanced mixer uses commercial balun and double-clad epoxy circuit 
board. Full-size printed-circuit layout is provided in fig. 10. 


to alleviate slight frequency drift which 
(when multiplied into the microwave 
region) can make ssb transmission and 
reception a running battle between your 
right hand and the tuning dial. The 
oscillator circuit should be designed to 

*The Croven C180DBX-00 5 th-overtone crystal 
is highly recommended. This series-resonant, 
HC-18/U crystal has a calibration tolerance of 
±10 ppm and temperature tolerance of ±5 ppm 
from 15° to 35° C. $12.00 in single quantities, 
or $8.00 each for two or more crystals of the 
same frequency. Write to Croven Ltd., 500 
Beech Street, Whitby, Ontario, Canada. 


432-MHz EME and 2304-MHz tropo- 
scatter speaks well for his expertise in 
such matters, recommends doubling in 
every stage of any LO multiplier. If the 
starting frequency (the crystal-oscillator 
stage) is in the 70- to 125-MHz region, 
any spurious responses present after 
repeated doubling will be sufficiently 
separated in frequency to be easily 
filtered. 

The balanced mixer used at WA6UAM 
receives 40-mW of LO injection. Obtain¬ 
ing this power level at 1200 MHz is 
relatively simple with today's low-cost 
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uhf transistors. Stability will be enhanced 
by designing the second stage of the LO 
chain (buffer) for 100-mW output, and 
running succeeding doublers at or close to 
unity gain. Resistive 3-dB pads between 
stages will alleviate excessive drive and 
provide impedance matching. 

When designing active frequency 
doublers, recall that second-harmonic 
generation is enhanced by a collector 


the Simple Sideband System could be 
duplicated without the use of specialized 
test equipment. In the case of the LO 
chain, alignment can be accomplished and 
injection measured by merely monitoring 
the diode current of the balanced mixer. 

local-osciliator circuits 

The primary advantage of the modular 
system which I use is the ease with which 



Construction of the doubly-balanced mixer using the Anzac TP-101 balun. 


conduction angle of 180°. This condition 
is easily met by grounded-base, zero-bias 
operation. Fortunately, this is also prob¬ 
ably the simplest frequency-multiplier cir¬ 
cuit to drive and adjust. Incidentally, it 
was stated earlier that the components of 


substitutions can be made, and perform¬ 
ance of various circuits compared. The 
Simple Sideband System has already 
worn three different LO chains; no doubt 
others will be attempted in the future. 
The block diagram of fig. 12 shows what 



1296-MHt MIXER WA6UAM 


fig. 10. Full-size printed-circuit layout for the Improved 1296-MHz mixer. Board Is 1/16" (1.5 mm) 
thick, double-clad 1-ounce copper G-10 fiberglass-epoxy circuit board. 
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has thus far proved the most workable 
compromise between stability and 
spectral purity on the one hand, and low 
cost, simplicity and ease of alignment on 
the other. 

However, this LO chain violates a 
number of the idea! design principles 
outlined above. For example, the purist 
will want the last multiplier to double 
rather than triple, and would probably 
use an active device rather than a diode. 
The decision to go with a diode multiplier 
was based primarily on the cost of 1.3 
GHz transistors at the required power 
level. Tripling was used here because of 
the greater ease of generating a high level 
of power at 422 MHz, as compared to 
630 MHz. The common-base configura¬ 
tion, although simple, was abandoned in 
the lower-level stages in deference to the 
greater gains available from common- 
emitter circuits. 

The active multipliers are all operated 
at a low power level as a concession to 
stability, with the two 422-MHz power 
amplifiers providing plenty of drive to the 
tripler. Considering the low conversion 
efficiency of the diode tripler circuit, a 
high drive level is a must. 

The low-level stages shown in fig. 13 
were designed by W6FZJ for use in a 
432-MHz receiving converter, and 
published in his 432 Newsletter. Except 
for the crystal frequency and the number 
of turns on two inductors, his original 
circuit is unchanged when used in the 
1296-MHz LO chain. Copies of the 
original circuit have been successfully 
built by a number of San Francisco area 
432-MHz enthusiasts, and spectrum 
analyzer tests prove the W6FZJ design to 
be superior to any of my own attempts to 
date. 

Since the tripler which raises the injec¬ 
tion frequency to 1267 MHz exhibits 
about 10-dB conversion loss,* a half-watt 
of drive is necessary at 422 MHz to 
achieve the desired 40-mW of LO injec- 

‘Greater tripler efficiency is possible through 
the use of an idler circuit, a technique avoided 
by the author in the interest of simplicity. 


tion. This is accomplished by applying 
the 10-mW output of the low-level LO 
module to two stages of power amplifica¬ 
tion, operating at 10- and 7-dB of gain, 
respectively. The 2N3866s were selected 
because of their low cost and ready 



0 -+4 + 0 *t2 +16 +20 +24 +20 

LO POWER (dBm) 


fig. 11. Balanced mixer conversion loss, output 
power at the 1-dB compression point and their 
sum (transceive figure of merit) for a typical 
microwave balanced mixer, all as a function of 
local-oscillator injection level. The transceive 
figure of merit represents the i-f output power 
available from a receive mixer driven directly 
by the output of an identical transmit mixer. 


availability from a number of mail-order 
surplus component dealers. 

The power amplifier circuits are shown 
in fig. 14. Care should be taken to closely 
duplicate the input and output tank 
circuits unless a spectrum analyzer is 
available, as adequate spectral purity 
occurs when these particular circuits are 
tuned for maximum indicated output. 

The slab inductors in the collector 
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circuits provide high output Q, and the 
pi-network filter {C8, L3, C9) feeding the 
second stage tends to suppress any har¬ 
monics generated by the first. The first 
2N3866 in biased to class AB for increas¬ 
ed gain; the second stage is run in class C 


tributed constants. Design of the poles 
was accomplished as follows: It was 
desired that the filter resonate with the 
tuning capacitors (C2, C3) at midrange, 
or 1.5 pF. Assuming an additional 0.5 pF 
of stray and coupling capacitance, the 


fig. 12. Block diagram of the 
local-oscillator chain used with 
the Simple Sideband System 
for 1296 MH«. Each of the 
individual sections is built into 
a small module; these are con¬ 
nected together with mini¬ 
ature 50-ohm coaxial cable. 




for improved collector efficiency. If the 
stages are built separately, each can be 
tuned for maximum power into a 50-ohm 
load. 

The diode tripler and filter assembly 
was first built in the popular trough-line 
configuration. Later, an interdigital filter 
was attempted. In both cases perform¬ 
ance was satisfactory. However, the con¬ 
struction process required extensive 
metalworking. As many amateurs avoid 
projects which involve bending sheet 
metal or cutting brass tubing, I decided to 
reduce the tripler/fiIter to a PC board. 
The result is shown schematically in 
fig. 15. 

Rf energy from the 422-MHz power 
amplifier, fig. 15, is applied to CR1, a GE 
1N4154 high-speed switching diode 
through an L-network (LI, Cl) similar to 
that used by K6UQH in his trough-line 
multiplier/mixers. The harmonic comb 
developed at the output of the diode is 
applied to a two-pole resonator (L2, C2, 
L3, C3) which blocks all but the 

1267-MHz component. 

The filter combines lumped and dis- 


capacitive reactance of 2 pF at 1267 MHz 
is 62.8 ohms. To resonate this circuit the 
inductors (L2, L3) must exhibit the same 
reactance at the frequency of interest. A 
shorted micro-stripline can be used as an 
inductor, its reactance determined both 
by characteristic impedance (width) and 
phase angle (length) as given by the 
relationship 

X 

8 = arctan ^— 

where 8 represents wavelength of the 
stripline in degrees. To convert to frac¬ 
tions of a wavelength, divide 8 by 360°. 
Thus, for 62.8-ohm inductive reactance 
with an arbitrarily selected stripline 
characteristic impedance of 25 ohms, 

8 arctan = 68.3° = 0.19 wavelength 

A 25-ohm micro-stripline on 1/16-inch 
(1.5-mm) G10 PC board is 0.3-inch 
(7.5-mm) wide. The 0.19 wavelength at 
1267 MHz (correcting both for velocity 
factor and width-to-height ratio) is 0.865 
inch (22 mm). 
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C6,C15 

20-pF trimmer (JFD DJV 300) 

C8 

50-pF trimmer (JFD DVJ 305) 

C9,C22 

10-pF trimmer (JFD DVJ 302) 

C 14,C 19, 

6-pF trimmer (JFD DVJ 301) 

C21 


C20 

0.5-pF ceramic (two 1-pF capaci¬ 
tors tn series) 

LI 

10 turns no. 28 on Micrometals 
T-25-13 toroid core 


L3 12 turns no. 28 on Micrometals 

T-25-13 toroid core 

L4 6 turns no. 24, close wound on 

0.1" (2.5 mm) diameter form 

L5,L6 IV2 turn no. 22, 1/8" (3 mm) 

diameter, 1/4" (6 mm) long 

RFC1 0.39 /!H miniature inductor 

(Nytronics Deci-Ductor) 

VI 5th overtone crystal, series reso¬ 

nant, HC-18/U holder, 105.600 
MHz for 28.8-MHz i-f 


L2 4 turns no. 28 on cold end of LI 

fig. 13. Crystal-controlled local oscillator circuit, based on a design by Joe Reisert, W6FZJ. 


Matching the resonators to the rela¬ 
tively low impedances of the diode and 
the output transmission line can be 
accomplished by tapping up on the 
micro-striplines the required distance 
above ground. Although formulas exist 
for approximating the required tap posi¬ 
tion, matching in the circuit shown was 
determined empirically. 

An important (and often neglected) 
consideration in diode multipliers is bias 
current. Resistor R1 in fig. 15 enables the 
diode current to be varied over a wide 
range. Remember that diode current will 
affect conduction angle, which should 
be 120° to maximize third-harmonic 
generation. 

transmit i-f attenuator 

Proper operation of balanced mixers 
requires that each port be terminated in 
its characteristic impedance (usually 50 
ohms). Most methods used to sample a 
low-level ssb signal from a high-frequency 
transmitter would result in a horrendous 
impedance mismatch at the mixer's i-f 
port. As 12.6-mW of sideband injection is 


desired, one recommended method of 
assuring i-f impedance matching is to run 
about one watt of ssb into a 20-dB 
resistive pi- or T-pad at the mixer's i-f port. 
Since the attenuation pad will provide the 
proper termination to the mixer, the 
method of coupling out of the station 
transmitter has no effect on the mixer's 
operation. 

i-f amplifier 

The noise figure of a receiving con¬ 
verter without pre-conversion gain is the 



Spectrum output of the 1267.2-MHz local- 
oscillator chain when tuned for maximum 
mixer diode current. The 422- and 2112-MHz 
spurs are down 32 dB, the 1689-MHz spur is 
down 38 dB and the 844-MHz spur is down SO 
dB. 
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+12 VDC 


Cl 3-35 pF trimmer 

C2 8-60 pF trimmer 

C6-C11 10-pF concentric piston trimmers 

L.1 2 turns no. 18, wound on 1/4” (6 

mm) mandrel, 1/8 M (3 mm) long 

L2,L4 brass strip, 0.5" (12.5 mm) wide, 

1.5" (38 mm) long, mounted 

l/8 n (3 mm) above ground plane 
L3 2 turns 1/8 M (3 mm) wide brass 

strip, 0.1 99 (2.5 mm) diameter, 
0.5 M (12.5 mm) long 

fig. 14. The two 422-MHz power amplifiers 
provide one-half watt output. The first stage, 
Q1, provides 10-dB gain, while the second 
stage, Q2, provides 7-dB gain. 

sum of the feedline and TR relay losses 
{if any), input filter insertion loss, mixer 
conversion loss and i-f amplifier noise 
figure. For the system presented here the 
noise contribution of these stages prior to 
the i-f amplifier is less than 6.5 dB. 
Feeding the output of the mixer into a 
high-frequency ssb receiver would, how¬ 
ever, result in a system noise figure 
approaching 20 dB. Many amateurs are 
surprised to learn that the noise figure of 
even a high quality commercial communi¬ 
cations receiver is seldom below 10 or 15 
dB. In the high-frequency spectrum the 


level of man-made and atmospheric noise 
exceeds that of receiver noise by several 
orders of magnitude, so noise figure, per 
se, is not usually a significant considera¬ 
tion in high-frequency receiver design. Of 
course, such is not the case in the 
microwave region. To achieve a reason¬ 
able noise figure in any uhf converter, a 
low-noise i-f amplifier must be used to 
mask the following receiver noise. 

Numerous circuits have been described 
in the past which will yield reasonable 
gain at 28 MHz with a noise figure under 
1 dB. WB6NMT, known for his pioneer¬ 
ing efforts in 220-MHz EME, uses neutral¬ 
ized fets, while W6FZJ favors a dual-gate 
mosfet following the mixer. An appealing 
circuit by W9PRZ uses a dual jfet in a 
cascode configuration and is described in 
a Siliconix applications note.® 

system performance calculations 

It remains to be shown that the simple 
microwave ssb system described here 
lends itself to satisfactory communica¬ 
tions over reasonable distances (my ex¬ 
perience shows the following calcula¬ 
tions to be somewhat on the conservative 
side). The overall noise figure of the 
receive system is the sum of filter loss 
(0.5 dB), mixer conversion loss (6 dB) 
and i-f noise figure (1 dB). Thus, a receive 
noise figure of 7.5 dB is assumed. With 
the 2.1-kHz i-f bandpass of a good side¬ 
band receiver, the graph of fig. 16 indi¬ 
cates the receive sensitivity to be about 
-133 dBm. 

Good intelligibility on single sideband 
requires a 6-dB signal-to-noise ratio. 
Allowing a 10-dB signal-to-noise ratio for 
good measure, the receiver requires a 
-123 dB signal. At +4.3 dBm of trans¬ 
mitter power, given 10-dB of antenna 
gain at each end, and allowing 5-dB of 
additional loss for antenna aiming errors, 
the permissible path attenuation between 
transmit and receive stations is 142.3 dB. 
The free-space loss formula is 7 

L F s = 36.6 + 20 logio fM hz 

+ 20 logj o d m jjes 
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Cl 1-10 pF concentric piston trimmer 

C2,C3 0.3-3 pF concentric piston trimmer 

C4 

CR1 1N4154 high-speed switching diode 

LI 2 turns no. 20, 0.1" (2.5 mm) diam¬ 

eter, 0.25” (6 mm) long 

L2 micro-stripline, 0.3" (7.5 mm) wide, 

0.865” (22 mm) long, grounded at 
bottom, tapped 0.20” (5 mm) from 
ground end 

L3 Same as L2 but tapped 0.25” (6 mm) 

from ground end 

L4 50-ohm micro-stripline, 0.1” (2.5 mm) 

wide, any length 

R1 20k, 10-turn trimpot 

fig. 15. The 422- to 1267-MHz diode tripler is 
built on 1/16” (1.5 mm) double-clad, glass 
epoxy circuit board. 

which can be rewritten to solve for 
distance at 1296 MHz 

logio d m j|es = (L-fs - 98.85J/20 

Given 142.3 dB of permissible free-space 
loss, an HP-35 calculator yields 

d(maximum) = 161 miles (259 km) 

Amateurs who have operated simple 
equipment in the 23-cm band find it 
difficult to believe that a 161-mile path is 
possible with only 3-mW of output 
power. After all, they reason, that's 
greater than the APX-6's range, and 
those have 3-watts output. It should be 
remembered, however, that directly- 
modulated oscillators tend to be 
extremely unstable, and that reception of 
their emissions requires a wideband 
receiver. The APX-6 i-f strip is about 
5-MHz wide and bandwidth has a serious 


impact on receiver sensitivity. Fig. 16 
indicates a deterioration in receiver sensi¬ 
tivity of 10 dBm for each tenfold increase 
in i-f bandwidth. This more than offsets 
any path increase afforded by the greater 
power of the APX-6 or similar equip¬ 
ment. 

direct conversion 

If simplicity is the goal, there is 
practically no limit to the evolutionary 
process. This last step occurred almost by 
accident, while developing test equipment 
for 1296 MHz. A weak-signal source was 
built for 1296.00 MHz to permit calibra¬ 
tion and receiver testing. Since a few 
milliwatts of stable power was desired, I 
used the same techniques as I used for 
building the converter local oscillator. 
Later a key was added, and the signal 
source used for on-the-air CW contacts 
over a limited range. 

Eventually, a means for monitoring 
transmit quality from the ssb converter 
was desired. An antenna and tuned cavity 
feeding a diode detector and audio am¬ 
plifier produced the characteristic ssb 
"Donald Duck” squawk in a speaker. 
However, for high-quality signal monitor¬ 
ing a ssb converter was required. By using 
the 1296.0-MHz signal source developed 
earlier, driving a balanced mixer with its 
i-f port feeding an audio amplifier, a 
direct-conversion receiver was built. If the 



fig, 16. Receiver noise figure vs sensitivity for 
various receiver bandwidths. 
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transmitter (suppressed) carrier frequency 
and the receiver LO frequency are the 
same, the difference frequency at the i-f 
port of the mixer will be audio sidebands. 
No input filter is required because the 
image is merely the other sideband — and 
at 1296 MHz QRM is hardly a problem 
yet. 

If a direct-conversion double-sideband 
receiver will work, there's no reason to 
expect otherwise for direct double¬ 
sideband generation. Indeed, when audio 
was applied at the i-f of the balanced 
mixer, sidebands around 1296.0 MHz 
appeared at the rf port. Though extreme¬ 
ly low power, the signals could be copied 
in a sensitive receiver at a range of about 
a mile. 

The resulting direct-conversion 
double-sideband transceiver is shown in 
fig. 17. Though primarily a lab accessory 
and demonstration rig, it provides reliable 
communications over moderate distances. 
It is simple in the extreme, and suggests 
the possibility of microwave double¬ 
sideband walkie-talkies. The concept may 
even work at greater power levels than 
the few microwatts attempted to date. 
Certainly there's no more basic a way to 
produce a microwave sideband station. 

conclusion 

The primary advantage of ssb in the 
microwave spectrum, as anywhere else, is 
in the significant increase in receiver 
sensitivity resulting from the narrow 
bandwidth which is required. The only 
limiting factor is stability, a criterion 
which can be readily achieved by judi¬ 
cious application of good engineering 
practice to the design and construction of 
local-oscillator chains. The design trade¬ 
offs presented here make microwave ssb 
feasible over considerable distances, while 
requiring a minimum of specialized skills, 
equipment or technique. 
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miniaturized 


communications receiver 


Full construction details 
for the Minicom — 
a complete 
communications receiver 
that can be used 
on the 40- and 
80-meter bands 


This article has to do with the art of 
homebrewing your own communications 
gear — the specific application is a minia¬ 
ture communications receiver. It was in¬ 
spired by the huge packet of mail I 
received following publication of my ar¬ 
ticle extolling the virtues of the LM373 
1C manufactured by National Semicon¬ 
ductor. 1 Most of the letters contained 
requests for additional construction de¬ 
tails, parts information and printed- 
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circuit artwork. Unfortunately, the origi¬ 
nal receiver contained some odd-ball com¬ 
ponents, and the board layout went the 
way of all trash during the year that 
passed between submission and publica¬ 
tion, so I had to play the heavy and turn 
down most requests. As time went on and 
similar letters arrived, even a year later, I 
decided to do it all over again as a real 
construction article. 

the homebrew art 

If you are planning to skip this part, 
do so at your own risk because I may 
throw in a few clinkers during the con¬ 
struction phase that will cause untold 
agony for those who skip ahead. 

Obtaining needed parts is probably the 
most annoying problem plaguing the do- 
it-yourself fan. Having an up-to-date li¬ 
brary of standard and surplus catalogs 
does not even guarantee success. Even a 
calm, logical, well-ordered person can be 
reduced to a shattered, babbling hulk as a 
result of unsuccessful forays into the 
electronics marketplace. That's probably 
why kits have become so popular. For the 
intrepid craftsman, however, this may not 
be a practical answer since the manufac¬ 
turers don't always kit what you want to 
build. To overcome these roadblocks, 
ingenuity and improvisation become the 
key factors in maintaining mental health 
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and ensuring completion of a cherished 
project. 

Aside from improvising in the parts 
department, miniaturization is generally 
best implemented by using printed-circuit 
construction. It is in this area that 
thoughtful layout is all important. With¬ 
out carrying the shrinking process too far, 
a nicely balanced design has been achiev¬ 
ed in this receiver without overcrowding 
or requiring fussy assembly techniques. 
The principal factor that limits size in this 
project is panel space. There is no sense in 
shrinking the receiver to postage stamp 
size if you need ten times that much 
space for the essential front-panel con¬ 
trols. 

Integrated circuits are now a way of 
life and often provide the only means by 
which ten pounds of circuitry can be 
squeezed into a five-pound bag. This 
advantage can be lost, however, if an 1C 
chosen for a particular function requires 
more external components than the same 
circuit would use in discreet form. 

On top of this, you become a prime 
candidate for the funny farm by virtue of 
spending three days trying to lay out the 
artwork for this nightmare. By using a 
little discretion, ICs can be selected which 
will provide all the performance you 
expect while requiring a minimum 
amount of valuable printed-circuit real 
estate. 

printed circuits 

The above comments are of little use if 
your etchings are a lost cause. Of course, 
not all do-it-yourselfers use PC assem¬ 
blies, but these techniques do make a 
project more professional in appearance 
and simplify duplication. Though most of 
the methods suitable for home fabrica¬ 
tion of PC boards have been thoroughly 
covered in previous articles. I'd like to 
throw in a few comments on my method 
since I find it simpler, faster and superior 
to any of the others. 

First, the circuit is laid out in pencil to 
exact scale on one-tenth (25 mm) grid 
paper. You'll have to develop your own 
skill in this phase of the operation but be 
prepared for a few frustrations until you 


get the hang of it. I try to avoid the need 
for jumpers but this is not always pos¬ 
sible. 

The next step is to lay out the positive 
of the printed circuit with sticky-back 
circuit trace tape and pads commonly 
used for this purpose. If there are no 
copper areas other than the lines and 
circles, a piece of clear film may be 
placed over the drawing and the tape and 
donut-shaped pads applied to the trans¬ 
parent film. If copper areas, such as 
ground planes, are present in the design, 
as they are in this receiver, a piece of 
Rubylith + is more appropriate. This ma¬ 
terial consists of a clear polyester base on 
one surface of which is a thin red film. 
Sections of this film may be stripped 
away after first scoring the perimeter 
with a sharp knife. The remaining cir¬ 
cuitry is applied with tape and pads as 
before. 

When the positive artwork has been 
completed, a negative is prepared by 
contact-printing the artwork on a piece of 
3M reversing film. A 30-second exposure 
in bright sunlight followed by a few 
seconds for developing result in a negative 
replica of the original artwork. This nega¬ 
tive is then used to contact-print the 
circuit on a piece of sensitized copper- 
clad board. Here again a 30-second shot 
of sunlight will do it. The circuit board is 
then developed and etched in the normal 
manner. 

The 3M reversing film is a member of 
the Scotchcal* family which also includes 
sensitized aluminum sheet stock suitable 
for making panels, name plates, dials, etc. 

The time required for preparing the 
original artwork may vary from a matter 
of minutes to several days, but once 
complete, this method will produce a 
finished circuit board in a matter of 
minutes, even if you include the time 
spent in coating the board with photo¬ 
resist. No camera work or darkroom is 
required and the results are as good as the 
original layout. 

Incidentally, a simple method for 

f Rufaylith is a registered trademark of Ulano. 
•Registered trademark of the 3M Company. 
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Cl 

3-section variable, 18-pF per sec¬ 
tion (J.W. Miller 1460 or similar) 

FL1 

Ceramic filter (Murata SFD455D 
or CFS455J, see text) (a 56-pF 

C2,C3 

220-pF for 
(silver mica) 

80, 

470 

PF 

for 

40 


coupling capacitor is used with 
the SFD455D and is not shown in 
the schematic) 

C4 

39 pF for 
(silver mica) 

80, 

100 

PF 

for 

40 

LI 

R1 

see fig. 2 

3000 ohms for SFD455D filter, 

C5 

15 pF for 
(silver mica) 

80, 

70 

PF 

for 

40 

T1,T2 ( T4 

2000 ohms for CFS455J filter 

see fig. 2 

C6,C7 

20 pF for 
(silver mica) 

80, 

130 

PF 

for 

40 

T3 

miniature 455-kHz if i-f trans¬ 
former 


fig. 1. Schematic for the complete minicom receiver. Circled numbers correspond to the numbers on 
the printed-circuit layout (fig. 3). 
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achieving a rapid etch in ferric chloride is 
to brush the copper surface constantly 
with a soft paint brush while the board is 
immersed in the solution. One-ounce cop¬ 
per in fresh solution will etch in four or 
five minutes using this method while 
simple agitation may take four or five 
times as long. 


druggist. For those of you who want to 
buy everything in small quantities from 
one place, Kepro packages the above 
materials and sells through several of the 
large mail-order houses. 

minicom receiver 

The miniature communications re- 



inside the cabinet of an earlier version of the receiver which used an 1C mixer. This copy also sports 
the more selective ladder filter seen along the left rear edge of the board. 


Another point worth mentioning is 
that when coating your copper stock with 
photoresist, a thin layer is always good 
insurance against problems during the 
developing process. This is especially true 
if trichloroethylene is used as the de¬ 
veloper. I paint the resist on with a 
cotton swab and avoid spray cans like the 
plague. 

I buy my Rubylith, reversing film and 
photoresist from a photo supply house. 
Trichloroethylene can sometimes be 
found in drug or hardware stores but I 
find it less expensive to buy a gallon (3.8 
liters) from a local chemical supply agen¬ 
cy. Developer for the reversing film is 
that ever-popular number, isopropyl al- 
chohol, which is available from your local 


ceiver described here is similar to the one 
I mentioned earlier. The only significant 
change is that an 1C is used in place of an 
fet in the rf amplifier (see fig. 1). The 
original rf stage had a tendency to oscil¬ 
late and the MC1550G 1C completely 
eliminates this problem. An rf gain con¬ 
trol was also added since this is easily 
accomplished with the 1C. 

In some versions of the receiver I 
experimented with, I used an 1C balanced 
mixer. The MC1496 was considered but 
was abandoned because of the relatively 
large number of external components it 
required. Instead, an SG3402T by Silicon 
General was used since it only requires a 
couple of bypass capacitors as external 
components. This design worked fine and 
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one of the receivers pictured here has the 
1C mixer. 

The other receiver has a dual-gate 
mosfet mixer — this is the version which 
is described in detail. The decision to go 
with the mosfet mixer was purely philan¬ 
thropic. Searching for an SG3402T 1C 
might result in considerable mental an- 



fig. 2. Construction of transformers and induc¬ 
tors used in the minicom receiver (see text). 


guish which can be easily avoided by 
using the mosfet. 

The mixer output feeds the LM373H 
1C which performs the functions of i-f 
amplifier, age system and product de¬ 
tector. The main selectivity-determining 
device is part of the LM373H circuitry 
and consists of a 455-kHz ceramic filter. 
Actually, you have a choice between a 
simple 2-section filter (Murata SFD455D) 
which results in a 3-dB bandwidth of 
around 4.5 kHz or a more costly ladder 
filter (Murata CFS455J) with a 3-kHz 
bandwidth at 6 dB. The circuit board is 
designed to accommodate either filter 
and the choice depends primarily on the 
size of your wallet. Since a receiver of 
this type would normally not be used in 
contest work or for any serious fixed- 
station operation, I feel the simple 2-sec¬ 
tion filter is quite adequate. Also, it costs 
about one tenth the price of the ladder 
filter. 

I decided from the beginning to forget 
about a-m reception and to make this 
receiver a strictly ssb/CW affair. The 
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receiver described in the previous article 
used a multigang switch to select either 
a-m or ssb/CW; it may be referred to if 
you are interested in making the required 
modifications. You may also wish to read 
that article for more details regarding the 
LM373H 1C. 

The final stage in the minicom receiver 
uses the MC1454G audio power amplifier 
1C. Here again I prefer this particular 1C 
since it does a good job with very few 
external components and comes in a 
metal package. It will adequately drive a 
small speaker such as the built-in unit 
shown in the photograph. A larger speak¬ 
er can be plugged into the phone jack. 

inductors and transformers 

All the coils and transformers used in 
the construction of the receiver are fab¬ 
ricated from miniature 3/8-inch (95 mm) 
square by 1/2-inch (127 mm) high tran¬ 
sistor i-f transformers. With a little pa¬ 
tience and a small soldering iron, they can 
be stripped and rewound for so many 
applications that it pays to keep a drawer- 
full around the shack. If you've reached 
the bifocal stage like me, a magnifying 
glass is helpful. 

Both 455-kHz and 10.7-MHz trans¬ 
formers are used for this improvisation, so 
stock up on both kinds. The 455-kHz 
transformers have a winding of about 150 
turns which is resonated with a 180-pF 
capacitor. The 10.7-MHz fm units contain 
a 47-pF capacitor across about a dozen 
turns. The entire assembly consists of a 
molded plastic base, an iron core, a 
threaded cup core, a plastic retainer for 
the cup core and the metal shield can. 

Most types have two small dimples 
alongside either solder tab on the shield 
can which lock everything together. 
Forcing a thin knife blade down the 
inside of the shield can and prying the 
dimples slightly outward will improve 
your chances of separating everything 
without damage. Gently pull on the base 
pins until the base assembly pulls out of 
the shield can. Normally the cup core and 
its retainer will remain inside the can and 
may be left there. Occasionally I've run 
into transformers in which the cup-core 











retainer is part of the base assembly and 
remains attached when the base is re¬ 
moved. In this case, just remove the cup 
core and set it aside until you are ready 
to reassembly everything. 

First unsolder all the leads running to 
the five pins. Also unsolder the leads 
from the tuning capacitor. The only 


Shield Can 


Cup Core 


| j 

Core Retainer 
2 Iron Bobbin 



I I 

tad Tuning Capacitor 


Exploded view of a typical i-f transformer of 
the type used in the minicom receiver. 



transformers not having tuning capacitors 
are the oscillator transformers with red 
cores. Save these capacitors for possible 
use in special transformers since they are 
the only ones that will fit into the space 
provided. 

When the wires have been unsoldered 
the iron coil bobbin may be pulled out of 
its socket. This piece is generally held in 
place by contact cement that is easily 
removed. The wire used in these coils has 
solderable insulation and is very easy to 
use, so salvage as much as you can. Clamp 


a miniature alligator clip onto one end of 
the iron coil bobbin so you can hold it 
while the new winding is applied. If the 
winding has a tap, just bring out a loop at 
the proper turn. 

If you require some center-tapped 
transformers, bifilar wind these using two 
separate wires. Put the large winding on 
first and squeeze some coil wax on the 
winding to hold it in place. Remount the 
bobbin and solder the leads to their 
proper pins. I generally don't use any 
cement on the bobbin, but you can if you 
want. The small secondary winding can 
now be added by soldering one end of the 
lead to its proper pin and feeding the wire 
around the bobbin for the required 
number of turns before soldering the 
remaining end. 

A few well-placed chunks of coil wax 
are melted with a soldering iron until the 
wax flows in and around the coil to hold 
everything firmly in place when it har¬ 
dens. Make sure all leads are dressed 
down the side of the coil and against the 
plastic base so there will be no inter¬ 
ference with vertical travel of the cup 
core. Push the base assembly back inside 
the shield can and the transformer is 
ready to install. 

Both 80- and 40-meter versions of this 
receiver were built around the same cir¬ 
cuit board. The coil table in fig. 2 gives 
winding data and pin connections (bot¬ 
tom view) for all the coils. The 80-meter 
receiver uses 455-kHz stock while the 
40-meter coils were wound on 10.7-MHz 
forms. A 47-pF capacitor from one of the 
latter is used to tune the bfo transformer. 
Don't forget to install this item when 
fabricating the bfo coil. Salvaged wire 
may be used for all coils except the bfo. 
Since you won't have a single piece of 
salvaged wire long enough for a 155-turn 
winding, use some fresh number-40 mag¬ 
net wire. 

construction 

The PC board is 3.7-inches (9.4 cm) 
square and mounts all parts except the 
front panel controls (fig. 3). To prevent 
interference with panel-mounted con¬ 
trols, enough blank space has been left on 
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the leading edge of the board to allow a 
section 2.2- by 0.4-inches (5.6x1.0 cm) to 
be removed. By doing this, the board may 
be mounted dose enough for the tuning 
capacitor shaft to protrude through the 
panel and still allow miniature pots to be 
mounted at board level. 


for the mounting screws to allow align¬ 
ment of the capacitor if necessary. 

The only way you'll be able to mount 
the coils and transformers is to cut slits in 
the board for each of the mounting tabs 
on the shield cans. This is best done with 
a small pointed knife blade forced into 



fig. 3. Full-size component layout for the minlcom receiver. 


When all the coils and transformers 
have been completed, the circuit board 
may be prepared and the holes drilled for 
components. I used a number-65 drill for 
the 1/4-watt resistors, chokes and all 
capacitors except the larger electrolytics. 
A number-70 drill was used for the 
transistors, ICs and diodes. All remaining 
holes were drilled with a number-60 drill. 
The four mounting holes may later be 
opened up to pass a number-2 or -4 
screw. A number-30 drill was used to 
open up the two holes for the tuning 
capacitor. This provided enough clearance 
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the drilled hole at the proper angle from 
both sides. Don't be concerned if the 
copper pad is cut because solder will be 
flowed all around the tab to hide your 
mechanical ineptitude. If you plan to 
notch the front edge of the board, do it 
now. 

When you are ready to start mounting 
components, it is suggested that you use 
the following order which should make the 
process a little easier and faster. All the 
1/4-watt resistors are mounted first, fol¬ 
lowed by the diodes, rf chokes and the 
1 /2-watt resistor. The transistors, ICs and 














the filter are next, then the ceramic, mica 
and small electrolytic capacitors. The 
coils, transformers and large electrolytics 
are next while the tuning capacitor is 
saved for last. 

Before mounting this last item, cut the 
three solder lugs down to a length of 


amount of coupling should be adequate 
but may be adjusted later if required. 

Leads of regular insulated hook-up 
wire may be installed next for the points 
going to front-panel controls, antenna, 
the speaker or closed-circuit jack and the 
power supply. 



The printed-circuit assembly of the minicom receiver. The mosfet mixer is almost in the center of 
the board. The small ceramic filter may be seen at the right rear edge of the board. 


1/8-inch (32-mm). Use a flat washer 
between the board and capacitor frame at 
each mounting screw to avoid inter¬ 
ference with the trimmer assemblies on 
the two forward gangs. Toothed washers 
under each screw head should be used to 
ensure good contact with the copper and 
prevent loosening. Connect each gang of 
the tuning capacitor to its appropriate 
point on the board with solid bus wire. 

Coupling between the hfo tank and 
the source-follower is accomplished with 
a gimmick capacitor. Solder a 1/2-inch 
(127-mm) length of bus wire and a 
3/4-inch (190-mm) long piece of insu¬ 
lated hook-up wire in the holes provided 
for the gimmick. Wrap the insulated lead 
loosely once around the bus wire. This 


If you wish to test the receiver before 
installing it in a cabinet, go ahead and 
wire up the controls. There are two holes 
along the front and one along the rear 
edge for grounds. These are for con¬ 
venience and may be used as you see fit. 
The use of metal spacers for mounting 
the board will ground the common on the 
board to the metal cabinet. 

test and alignment 

There are five test points provided on 
the circuit board. Each is noted in fig. 1. 
The padding capacitor values called out 
are those used in the prototype receivers, 
but some alteration may be necessary if 
tracking is poor or the frequency range is 
greater or less than nominal. The 80- 

september 1974 G3 31 




meter version should tune from 3.5 to 4.0 
MHz and the 40-meter receiver from 7.0 
to 7.3 MHz. 

Power up the receiver with a 12-volt 
supply (fig. 4) and observe that the 
current with no signal is around 35 mA, 
indicating that you managed to avoid any 


of the band. Adjust the core in the hfo 
coil until the signal is picked up. 

Run the tuning capacitor all the way 
open and check for a signal at the high 
end of the band. If all is well, center up 
the tuning range by means of the core in 
the oscillator coil. Adjust the cores in 
transformers T1 and T2 for maximum 
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fig. 4. A 12-volt power supply suitable for use 
with the receiver. A printed-circuit layout for 
this ac power supply is shown in fig. 5. 

short circuits. If smoke is absent, warm 
up your signal generator and start 
aligning. The following procedure is ab¬ 
breviated, but should start you off in the 
right direction. 

The two trimmers should be run up 
snug but not tight, the two gain controls 
turned up full and the bfo set to mid¬ 
range. Adjust the core in the bfo trans¬ 
former until you hear some noise, indica¬ 
ting the frequency is close to 455 kHz. 
Connect the generator to the antenna 
terminal and run the output up and down 
until you pick up a 


gain at the low end of the band and the 
capacitive trimmers for maximum gain at 
the high end. Peak the i-f transformer for 
greatest noise. The bfo can then be 
adjusted so zero beat occurs about mid¬ 
position of the tuning control. 

closing comments 

If you don't have any capacitor diodes 
suitable for use in the bfo tuning circuit, 
glass silicon diode rectifiers generally 
work. That .is what I used in the final 
version. The dipped silver-mica capacitors 
used in the tuned circuits should be the 
smallest sizes available or you may run 
into mounting problems. The lead spacing 
and outside diameter of the electrolytics 
should be taken into account when buy¬ 
ing these items. Most of the ones I used 
were obtained from Radio Shack. Even 
then, it was found that capacitors marked 
with the same values and voltages often 
varied in case size. These conspiracies are 
all around, so be wary. 

The cabinet shown in the photograph 
is a Radio Shack 270-252 and costs 
$2.59. Dimensions are 4 x 2-3/8 x 6 
inches (4.8 x 6.0 x 15.2 cm) which makes 
a fairly compact package. Since panel 
space is at a premium, the speaker and its 
perforated metal grill were epoxied to the 
top of the cabinet. There is plenty of 


signal and know the re¬ 
ceiver is working. Set 
the tuning capacitor to 
full mesh and the gen¬ 
erator to the low end 


fig. 5. Full-size component 
layout for the ac power 
supply. 
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room left inside for a 12-volt pack of 
penlight cells or for a small power supply. 
The circuit for a power supply I built is 
shown in fig. 4. It will deliver about 11 
volts of regulated power. The receiver will 
work on any voltage from about 9 to 12 
volts with very little difference in per¬ 
formance. 



fig. 6. Printed-circuit layout for the minicom 
receiver and power supply (not full size). 


Naturally, other variations of this re¬ 
ceiver are possible. A two-band version 
which covered both 80 and 40 meters 
without bandswitching was bread- 
boarded. The oscillator covered the range 
from 5.25 to 5.75 MHz, resulting in an i-f 
of 1750 kHz for both bands. The output 
from a crystal oscillator operating at 
2.205 MHz was then mixed with the 
1750 kHz signal to produce a second i-f 
at 455 kHz. A separate, high-capacitance 
two-gang tuning capacitor was used to 
tune the rf stage. This arrangement hit 80 


meters at one end and 40 meters at the 
other end of the tuning range, eliminating 
any need for bandswitching. 

Experiments with these techniques at 
20 meters left a lot to be desired, 
however, and I found that a converter 
worked best for multiband operation on 
the higher frequencies. Odd-ball i-f trans¬ 
formers are a cinch, though, and many 
specials have been fabricated for success¬ 
ful use in all kinds of circuitry. The 
1750-kHz i-f transformer consisted of 36 
turns tuned with the original 180-pF 
tuning capacitor. A tap at 2 turns for the 
MC1550G and a secondary of 10 turns to 
feed the mosfet mixer completed the 
unit. 

The stock 455-kHz oscillator trans¬ 
formers (red core) have no built-in tuning 
capacitor. With a 180-pF capacitor, these 
transformers will tune to around 1.0 
MHz. The 10.7-MHz transformers with a 
180-pF capacitor will resonate at around 
5.8 MHz. The regular 455-kHz i-f trans¬ 
formers with a 47-pF capacitor tune to 
about 700 kHz. Double-tuned transform¬ 
ers were made from 10.7-MHz discrimina¬ 
tor assemblies, and center-tapped trans¬ 
formers to couple from the output of an 
MC1496 mixer to the LM373H were also 
made. 

At the time this receiver was being 
developed, I was corresponding with Al 
Bernard, WA2JTN, who happened to 
have some very small knobs which he 
provided for this project. They are only 
5/16-inch (79 mm) in diameter. They are 
ideal for this application but, unfortu¬ 
nately, they are in woefully short supply, 
so you'll have to settle for the smallest 
you can find. 

As for the rest of the parts, I know 
you can't buy the Murata ceramic filters 
any place so I'll keep some on hand. For 
a complete list of parts I can supply, 
please send along a self-addressed, 
stamped envelope with your inquiry. 

reference 

1 Ray Megirian, K4DHC, "Using The LM373," 
73 Magazine, April, 1972, page 37. 
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intermodulation-distortion 


measurements on 
ssb transmitters 

A comparison of 
IMD measurements 
of amateur 
ssb equipment 
shows that 
industry standards 
should be set 
by the EIA 


Specifications for the suppression of 
odd-order distortion products in amateur 
ssb transmitting equipment generally 
appear to be vague, inadequately defined 
and relegated to the sole domain of the 
equipment manufacturers. One observa¬ 
tion might be that some amateur ssb 
specifications seem to be generated in 
sales departments rather than in engineer- 
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ing departments. Rarely, if ever, are the 
manufacturers' transmitter intermodula¬ 
tion distortion products clearly stated in 
easily understood terms or on any uni¬ 
form basis. For example, the third-order 
IMD specifications I have reviewed are 
stated merely as -30 dB, an apparently 
good number, if valid, by the present 
state-of-the-amateur art. However, an IMD 
specification stated in this way is am¬ 
biguous because it does not give the 
basis, the power level at which the 
measurement was made, nor other perti¬ 
nent data such as frequency, worst or 
best case measurement, etc. 

It is significant to note that all inter¬ 
modulation distortion power is valueless 
and only causes interference to adjacent 
channels of operation. The purpose of 
this article is to explore some of the 
foregoing with respect to the Collins 
S-Line and some other contemporary 
equipment using measurement data taken 
by relatively sophisticated laboratory test 
equipment which, operating under a 
quality system, has certified calibration 
accuracy traceable to the National Bureau 
of Standards. 

I used the Hewlett-Packard Model 
141S Spectrum Analyzer Display Section 
with the 8553L rf and 8552A i-f heads 
for making the measurements. This 
instrument is a recognized standard in the 
electronics industry with a specified cali¬ 
bration accuracy of a 0.5 dB. It covers 





















the range of 1 kHz to 110 MHz, with 
interchangeable i-f and rf heads and has 
variable selectivity. My tests were con¬ 
ducted at 100-Hz bandwidth which is 
necessary for accuracy and ease of 
measurement. The instrument's spurious 
responses, with a -40 dBm signal to the 
input mixer, are better than 70 dB down. 
All analyzers have spurious responses 
since they are all sensitive to overload, so 
it is especially important to observe this 
critical parameter—otherwise it will be 
evidenced by false, spurious presenta¬ 
tions. 

IMD measurements 

The methods of making IMD measure¬ 
ments, together with considerable discus¬ 
sion have been covered in several 
excellent, pertinent publications. 1 .2.3. 4 
These references reveal that IMD 
measurements may be taken on one of 
two bases. In the conservative method 
which I used, the spurious level is refer¬ 
enced to either tone of a two-tone test. 
The other method is also acceptable, but 
is a less conservative method; it compares 
one distortion product to the sum of two 
tones, or the PEP. This yields a more 
impressive number, resulting in a -6 dB 
apparent improvement. This is because of 



fig. 1. Spectrum analyzer display of inter¬ 
modulation distortion test on a Signal One 
CX7A. Two-tone test, 800- and 1800-Hz tones. 
Horizontal scale is 500 Hz per division. Third- 
order products are 25-dB down (see text). 


the fact that the PEP value, or the sum of 
the two tones, is twice the voltage, 
providing a 6-dB greater reference level. 
Therefore, with that power level as the 
reference, the distortion products would 
appear to be 6-dB further down. A third 
method that is widely used in military 
work is the Intercept Point method 5 
which resolves most of the ambiguities. 
However, I will not go into that here. 

Most vacuum-tube manufacturers, and 
military and commercial suppliers tend to 
specify the distortion products of their 
equipment using the conservative 
method. Quite naturally, equipment 
manufacturers may indulge in some 
''specsmanship'* by publishing perform¬ 
ance specifications which tend to favor 
themselves. During the preparation of this 
article I contacted the National Bureau of 
Standards, the IEEE and the EIA to 
ascertain whether any standards had been 
published on the subject of ssb trans¬ 
mitter IMD measurement. They indicated 
that none were published. A proposed 
EIA specification was prepared but, un¬ 
fortunately, it has never been published; 
it was to be based on the liberal basis; i.e., 
the PEP reference. I have therefore con¬ 
cluded that the amateur equipment 
manufacturers in the United States, with 
the one notable exception of Collins, 
have chosen to use the liberal interpreta¬ 
tion while the rest of the industry and the 
military appear to adhere to the conserva¬ 
tive method. The point is that amateurs 
should be aware of the differences and 
the implications of both. 

For purposes of clarity in this arti¬ 
cle, I will refer to the two bases as the 
conservative and liberal methods and, 
unless stated, all references of mine will 
be on the conservative basis. In other 
words, you should add -6 dB to all my 
data to make it consistant with most of 
the published specifications and test data 
on amateur ssb equipment. For exam¬ 
ple, take the RCA tube specification 
sheets for the very popular 6146B type 
tubes. The manufacturer states that these 
tubes exhibit -24 dB CCS and -26 dB 
ICAS for their third-order products at 
PEP power output levels of 49 and 61 
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watts, respectively, "referenced to either 
of the two tones and without the use of 
feedback to enhance linearity," i.e., the 
conservative method. 

Eimac makes the more explicit state¬ 
ment: "The intermodulation distortion 
products will be as specified or better for 



fig. 2. How IMD levels of the driver and output 
stage combine to determine overall IMD per¬ 
formance {courtesy Collins Radio Company). 


all levels from zero-signal to maximum 
output power and are referenced against 
one tone of a two-equal-tone signal." 
That statement is extremely significant, 
as we shall see. Allowing for tube varia¬ 
tions in performance, matching, aging and 
power supply regulation, combined with 
other miscellaneous factors such as neu¬ 
tralization, drive regulation, bias, etc., it 
is impossible to achieve a conservative 
-30 dB third-order IMD at the 100-watt 
level from the 6146 family of tubes 
without the use of negative rf feedback. 
Bill Orr showed that sweep tubes gener¬ 
ally exhibit less than this performance 
when operated near or at full power, e.g., 
in the -18 to -22 dB region for the 
third-order products. 1 

Looking at the data sheets for the 
8072, the output tube used in the Signal/ 
One CX7A, RCA specifies, on the con¬ 
servative basis, -30 dB on the third- 
order products at 80 watts PEP power 
output. Signal/One specified their equip- 
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ment as a "nominal 300-watt PEP input 
and 160-watt PEP output." They further 
specified that their third-order IMD was 
"greater than 30 dB below each of two 
equal tones at full rated output." This 
specification is on the conservative basis 
and, extrapolating from the tube data 
sheets, it is an obvious impossibility 
because of the tube manufacturer's 
80-watt PEP output specification versus 
the equipment manufacturer's 160-watt 
PEP output specification, but it surely 
makes the meters dance. For my IM test 
results of -25 dB at full power out on a 
CX7A which had just been overhauled by 
the factory, see fig. 1. The exciter did, 
however, meet its -30 dB IMD 
specification at 100 watts PEP output. 

tube operating conditions 

During the course of my measure¬ 
ments, a friend brought in his Yaesu 
FTDX560 for a quick check. The third- 
order products, at full power out, predict¬ 
ably were -22 dB. At 40 mA of quiescent 
plate current, 10 mA less than that 
specified, the third-order products mea¬ 
sured -20 dB. It was interesting to 
observe that the fifth-order products were 
measured at -50 dB at 60 mA of quies¬ 
cent plate current and were only -35 dB 
at 40 mA. Throughout my measurements, 
this type of result was common. Since the 
third-order products are generally the 



PEAK FLATTENING OF 
TWO-TONE ENVELOPE (PERCENT) 


fig. 3. Relationship of two-frequency envelope 
peak flattening to signal-to-distortion ratio. 








worst offenders, I have not commented 
on the fifths. However, in a local or short 
skip situation, all products play an impor¬ 
tant role. 

One significant fact I found was that 
the third-order products could be 
improved 6 dB by merely resetting the 
quiescent plate current up to 60 mA from 


amplifier is significantly higher for less 
linear operation. This means that the 
lower power stages may be operated 
inefficiently at class-A bias to provide 
very low IMD levels while the output 
stage is usually biased for higher efficien¬ 
cy and increased IMD levels. If output 
stage efficiency is a driving factor, the 



the specified 50-mA level. A note of 
caution is in order here, since this proba¬ 
bly would affect tube life under full-bore 
operation because of the additional heat, 
and TV sweep tubes are very dissipation 
limited. It is important to note that most 
amateur equipment is operated at or near 
the full capability of the output tubes. 

Looking at the practical situation, 
with some signal degradation from linear 
amplifiers, most amateur stations are 
probably transmitting signals with third- 
order IMD products in the -20 to -24 dB 
region. By way of contrast, commer¬ 
cial and military equipment is generally 
specified in the -30 to -35 dB range. 
State-of-the-art military equipment is 
specified in the -40 dB range with -50 
dB attainable. It is clear that IMD is less 
in linear stages than in non-linear stages 
and becomes progressively worse as the 
linearity of a stage is compromised from 
class A to B1 and B2 operation. On the 
other hand, the efficiency of a power 


output stage IMD performance will limit 
the overall performance of the equip¬ 
ment. The way in which the IMD levels of 
the driver and the output stage combine 
to determine the overall performance is 
illustrated in fig. 2.* 

In a period of time when we are 
concerned with already crowded amateur 
bands, IMD specifications are worthy of 
consideration. I do not presume to 
recommend military specs for amateur 
equipment, but I do urge amateurs to 
strongly consider the credibility of the 
published specs, look at the tube data 
sheets, and operate their equipment in a 
reasonable manner. By this I mean some¬ 
thing less than maximum power, using an 

’Distortion measured in dB below one tone of a 
two tone signal. Products are assumed to add in 
phase. Fig. 2 is derived from a plot of the relation 

x - 20 log 10 v/2 ° 1 

where x is driver distortion minus amplifier distortion, 
and y is driver distortion minus output distortion, 
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adequate monitoring and control system 
combined with all the other facets of the 
overall problem. Now you may under¬ 
stand why some rigs sound and look 
better than others. 6 

I wrote letters to each of the five 
major U.S. amateur ssb equipment manu¬ 
facturers requesting data on their IMD 
specifications and measurements. Three 
of the four who replied stated that they 
use the PEP reference as I indicated 
earlier. The two largest Japanese manu¬ 
facturers were not quiried, as they do not 
specify IMD. Since they use sweep tubes 
or 6146s at full power without rf feed¬ 
back, their third-order IMD products can 
readily be predicted to be between -18 
and -26 dB; with sweep tubes, the -18 to 
-22 dB region. 

Collins S-line 

Let's take a look at the IMD perform¬ 
ance of Collins' equipment which was 
designed over fifteen years ago, but which 
probably exceeds the IMD suppression 
performance of all current production 
amateur communications equipment. 
Two features make this possible. One is 
an excellent two-stage ale system com¬ 
bined with the use of rf negative feedback. 
The advantage of this is simply that a rig 
with 10-dB of rf negative feedback will be 
essentially 10-dB cleaner than a rig with¬ 
out it. To this date, no other production 
amateur equipment in the world is known 
to use rf negative feedback. As I pre¬ 
viously pointed out, RCA specifies the 
6146As and 6146Bs at -26 dB, to which 
-10 dB of feedback at 14 MHz is added, 
so Collins' -30 dB spec can be easily met 
or exceeded, allowing for all variations. 

It is significant to note that every 
piece of amateur ssb equipment, both 
linears and exciters, manufactured by 
Collins employs rf negative feedback! 
Collins advises that every S-Line, KWM-2, 
and linear amplifier goes through an IMD 
measurement test in their production 
acceptance test procedure. That unique 
type of quality control for amateur 
equipment is to be commended. Collins 
also states that tubes are the major reason 
for rejection for IMD products so this 
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would indicate that the tubes should be 
given much more consideration than is 
normally the case. 

For example, in my Collins 32S-1 
exciter I always match the 6146s for 
equal quiescent plate current. It is quite 
revealing to note the wide variation of 
this single parameter from the same 



fig. S. IMD distortion of Collins 32S-1 exciter 
at the 100-watt PEP level. Third-order products 
are about 35-dB down; fifth order products are 
more than 40-dB down. 


manufacturer. In the course of making 
my measurements, it was noted that the 
very smallest amounts of indicated grid 
current on the 6146s resulted in a sub¬ 
stantial increase in the distortion levels. 
This indicates that any departure from 
class AB1 is totally unwarranted and 
should serve as a warning to those who 
would defeat an ale system in any 
fashion. Pappenfus discusses the resulting 
flattopping in two chapters of his book 
(see fig. 3). 

Now let's look at some measurements 
taken on my 32S-1 exciter, which is more 
than thirteen years old. Third-order pro¬ 
duct measurements were made in an 
engineering calibration laboratory using 
the block diagram shown in fig. 4. The 
result at the 100-watt PEP power output 
level is shown in fig. 5. Sutherland and 
Orr have shown that the third-order 
products are generated on a kinked curve 





due to distortion cancellation, 2 so my 
power level tests were considered appro¬ 
priate to preclude errors. Also, it was 
desirable to see if tube balance by plate 
idling current is significant and if there 
was any real difference between 6146As 
versus 6146Bs. RCA states there is none. 
My test data tends to confirm this, but 
my sample size was very small. Further, 
the effects of varying the various opera¬ 
ting parameters of the 6146s are shown in 
fig. 6. 

During the course of taking this data, 
despite using two husky fans, it was 
noted that heat dissipation is a major 
constraint. Repeatability of the test data 
was heavily dependent upon proper cool¬ 
ing and reasonable operating periods to 
minimize the thermal impact. Therefore, 
serious consideration should be given to 
this parameter during normal operating, 
and especially under contest conditions. 
One first thought is to open the cabinet 
cover. Next, of course, would be a small, 
quiet fan mounted off the chassis to 
preclude microphonics. It must be recog¬ 
nized that the two-tone test is a very 
strenuous exercise of the equipment since 
the average power is substantially higher 
than with speech. 

I thought it would be valuable to 
ascertain the IMD level of the 6CL6 
driver stage in the 32S-1 to determine if it 
could be improved, thereby improving 
the 6146B output stage IMD. It measured 
a startling -22 to -29 dB on the third- 
order products, depending on the power 
level, a figure that at first was of very 
serious concern. Later it was determined 
that, with the feedback loop closed, what 
I was reading was the net IMD after 
subtracting the counter distortion being 
used to linearize the output tubes. With¬ 
out any doubt, the driver, which is 
essentially operating class A, is producing 
IMD in the -40 dB region. No measurable 
improvement in the driver IMD was 
attained, as read directly or indirectly in 
the power-amplifier linearity, with any 
change in its operating biases. 

I would like to describe some of the 
modifications which were installed in my 
32S-1 exciter to increase its linearity. 


Capacitor C61, a 10-pF ceramic which 
forms the basic feedback network in the 
S-Line, has been placed in parallel with a 
Corning glass 5.6-pF capacitor. This pro¬ 
vides a measured third-order improve¬ 
ment of 3 dB at 14 MHz at full power 
output. Another simple mod, although 
not affecting the IMD, provided a de- 



THIRD-ORDER PRODUCTS (-dB) 

fig. 6. Effect of varying Collins 325-1 quiescent 
(idling) plate current on third-order distortion 
products. The 40-mA level is normally used but 
60 mA quiescent plate current improves IMD. 
During these tests plate voltage was 820 volts 
and screen voltage was 275 volts. 

crease in the audio harmonic distortion— 
this is the addition of a 250k resistor 
between the plates of VIA and V1B, the 
audio amplifiers. 7 This results in an 
audible improvement in the speech qual¬ 
ity. I note that the same principle is 
applied in the Yaesu FTDX560. 

To make up for the loss of gain due to 
the inverse feedback, the vox amplifier, 
VI5A, will requirea 10-/iF bypass from the 
cathode (pin 3) to ground. Otherwise the 
vox will probably cease to operate as there 
is about 15-dB loss of audio signal, the 
amount of the feedback, through the 
system. Further, I set the 6146B quies¬ 
cent plate current at 60 versus the 40 mA 
which is specified by Collins. This yields 
an additional 4-dB improvement in the 

September 1974 QQ 39 




third-order distortion products. Of 
course, this might cause a heating prob¬ 
lem and therefore affect tube life in 
some equipment, but this is not so in my 
case as I require only 40 watts of PEP 
drive for my class AB1 linear amplifier. 



-30 -35 -40 -45 -50 


THIRD-ORDER PRODUCT S f-d0J 

fig. 7. Third-order IMD performance of Collins 
32S-1 exciter modified by the author (see text). 
Test conducted at 14.25 MHz; plate voltage, 
780 Vdc; screen voltage, 240 Vdc; quiescent 
(idling) plate current, 60 mA. 

Also, I run the 6146B screens from the 
basic low-voltage supply rather than the 
bleeder arrangement in the original 
design. 8 This improved screen voltage 
regulation will increase the power output 
and also should slightly improve the IMD, 
although no comparative measurement 
was made. 

Tests were also made to determine the 
effects on IMD which would result from 
rf clipping. Only 1-dB of degradation was 
measured, at about 15-dB of clipping. 
Some of this is probably due to the fact 
that the ale system is being partially 
deceived through the loss of the high 
peaks by the clipping, as well as the 
natural result of the higher average power 
level. The combination of these modifica¬ 
tions allowed a reduction of IMD at the 
100-watt output level from -32 to -39 
dB, as shown earlier. Fig. 7 shows the 
results produced by reducing the plate 
and screen voltages in an effort to find an 
optimum operating condition. The power 
output was down to 60 watts PEP but the 
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desired IMD reduction was attained. 

On the subject of tubes, there are 
stories circulating that 6146As are cleaner 
than 6146Bs, etc. I wanted to determine 
just what advantages, if any, there might 
be between the two types. A series of 
tests was conducted using matched pairs 
for quiescent plate current, unmatched 
tubes, and mixed 6146As and 6146Bs. 
The results were relatively inconclusive 
with up to 3-dB variations measured. My 
sample size was too small to develop any 
significant trends, so I would stick to the 
published literature, i.e., use well- 
matched tubes that are in good condition 
and run them cool at less than maximum 
power, neutralize carefully, load 
properly, etc. 

While the test setup was available, I 
decided to measure the harmonic suppres¬ 
sion of my S-Line. It measured -47 dB on 
the second harmonic and greater than 
-60 dB on the fourth while operating at 
14.25 MHz into a matched 50-ohm load. 

other equipment 

My basic data are concerned with the 
Collins S-Line, but other measurements 
on a limited basis are also presented to 


fig. 8. Spectrum analyzer display of two-tone 
test on Kenwood T599 ssb transmitter, refer¬ 
enced to one of two equal tones. Maximum 
two-tone PEP output without limiting was 72 
watts as observed on Tektronix 585A oscillo¬ 
scope in conjunction with a Hewlett-Packard 
431B power meter. This display shows third- 
order products down -19 dB, fifth-order pro¬ 
ducts down -34 dB. 












support some of my earlier statements. 
From these it may be seen that, with the 
exception of Collins, the conservative, 
-30 dB IMD specifications are not attain¬ 
able at full power levels, regardless of the 
specifications published by the manufac- 


fig. 9. Spectrum analyzer display of two-tone 
test on Collins KWM-2A ssb transmitter, refer¬ 
enced to one of two equal tones. Maximum 
two-tone PEP output without limiting was 100 
watts. This display shows third-order IMD 
products down -30 dB, fifth-order products 
down -37 dB. 

turer. In one case, the Kenwood T599, 
the IMD specs are not published by the 
manufacturer. My measurements at 72 
watts PEP output of -19 dB on the 
third-order products differ with those 
published 9 by 8 dB as shown in fig. 8. 
Two other amateurs, using the same 
measurement equipment, confirm my data. 

Fig. 9 shows the measured -30 dB 
results taken on an old Collins KWM-2 
at the 100-watt PEP output level. It was 
sorely in need of total refurbishment, but 
it still meets the published specifications. 

conclusion 

If you are a concerned amateur, and 
we all should be, let me say, caveat 
emptorl The IMD performance may be 
more or less readily determined to within 
a couple of dB by examining the output 
tubes, considering their specified input 
power, and reading the literature. What I 


have found has been clearly supported in 
all the text books. If we want to radiate 
cleaner signals, there are not any magic 
formulas to accomplish that. I would, 
however, lobby for one published stan¬ 
dard method of IMD measurement so 
that everyone understands the related 
specification and measurements. Only 
one manufacturer of amateur equipment, 
Collins, specifies their IMD suppression 
on the conservative basis, although even 
they do not make it clear in their 
literature. All other amateur manu¬ 
facturers adhere to the liberal basis which 
provides them with a relative 6-dB advan¬ 
tage. It is a valid measurement, though 
somewhat misleading, and is often mis¬ 
understood and certainly misquoted. It 
now becomes obvious that in order to 
compare the proverbial oranges, all manu¬ 
facturers should use one specification 
standard. 

I would like to express my sincere 
appreciation to Bob Bruemmer, 
WB6CGG, who spent many hours setting 
up the measurement equipment used for 
taking the data presented and verifying its 
calibration. 
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modern 


rf amplifiers 


for 

communications 

receivers 


A discussion of 
the performance 
characteristics of 
modern rf 
amplifier stages, 
and how to choose 
the circuit 
best suited 
for your own 
application 


Since James Lamb first described the 
modern communications receiver in 1932 
amateurs have expected a good receiver 
to have one or two rf amplifiers. There 
was good reason for this in the 1930s as 
mixers were noisy and even the relatively 
noisy rf amplifiers which were available 
were an improvement. The rf amplifiers 
were also necessary to compensate for the 
losses in the tuned circuits required to 
attain a decent image ratio with single 
conversion to an i-f around 455 kHz. 
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The pentode tube was used almost 
exclusively in rf amplifiers for thirty 
years. Many amateurs will remember the 
succession of tube types—58, 6D6, 6K7, 
6SK7, 6AK5, 6BA6, 6DC6, 6BZ6 and 
6EH7. Bipolar transistors were used brief¬ 
ly during the 1960s, not because they 
made better rf amplifiers, but to satisfy 
the demand for all solid-state receivers. 
The junction fet (jfet) and dual-gate 
mosfet soon appeared and replaced the 
bipolar devices in new designs. 

An rf amplifier does several things for 
a receiver. First of all, it provides gain to 
make up for any losses in the rf tuned 
circuits. Secondly, it provides low- noise 
gain to override mixer noise. It can also 
provide an extra gain-controlled stage and 
can be used to perform impedance¬ 
matching functions. 

However, the rf amplifier also has 
disadvantages which must be weighed 
against the advantages in any particular 
application. Most important, since it 
places an additional unprotected stage 
ahead of the selective filters, it can 
aggravate mixer nonlinearity by amplify¬ 
ing close-by, unwanted signals. 

antenna noise figure 

The receiving system is a chain consist¬ 
ing of the antenna noise figure, the input 
stage, the second stage and so on. If the 
chain is properly designed the overall 
system noise figure is determined by the 
first link in the chain, the antenna noise 
figure. 

The ultimate factor in deciding what 
weak signals you can hear is the signal-to- 
noise ratio between the signal and the 
atmospheric, galactic and manmade noise 
impinging on your antenna. If the signal 
is equal to the noise level you can at least 
detect it and possibly carry on marginal 
communications. Therefore, the receiver 
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should be quiet enough for you to hear 
the ambient noise level. Anything much 
quieter than that is superfluous. 

The atmospheric noise level has been 
measured and is available in terms of 
antenna noise figure. 1 Fig. 1 shows the 
antenna noise figure for the northeastern 
United States between 0800-1200 local 
time in the winter. The noise falls within 
the shaded area 80% of the time, above it 
10% of the time, and below it 10%. In 
addition, there is galactic noise striking 
the earth's atmosphere at all times. The 
galactic noise level is shown by the 
dashed curve for all frequencies but it can 
only penetrate to your antenna at fre¬ 
quencies above the critical frequency. 

A third curve extending up to 10 MHz 
gives the average level of manmade noise 
at a quiet receiving location. It is often 
the limiting factor at frequencies below 
10 MHz. 

What is the lowest antenna noise figure 
you can expect in the high-frequency 
range? The figure of 18 dB is often 
quoted as the limit and fig. 1 shows that 
this is the galactic noise level at 30 MHz. 
The critical frequency seldom reaches 21 
MHz so galactic noise is still the deter¬ 
mining factor on that band. 

On 20 meters the critical frequency 
may sometimes be high enough to shut 
out galactic noise but the atmospheric 
noise is above 28 dB 90% of the time. On 
40 and 80 meters manmade noise puts a 
floor under the minimum antenna noise 



fig. 1. Atmospheric noise levels expressed as 
antenna noise figure for 0800 to 1200 local 
time on a typical winter day in the north* 
eastern United States. 


figure. Therefore, the assumption that the 
lowest antenna noise figure encountered 
on hf is 18 dB is theoretically valid. 

There is reason to believe, however, 
that on some few occasions the noise 
level on 10, 15 and even 20 meters drops 
below the predicted values, perhaps down 
to 10 dB or less. 2 - 3 Little information is 
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fig. 2. Noise characteristics of a typical com 
munications receiver of the 1930s. 


available to explain these occasional quiet 
periods. Perhaps they are due partly to 
unusual absorption of galactic noise as it 
passes through the atmosphere. As you go 
higher in frequency, of course, the gal¬ 
actic noise decreases so that the antenna 
noise figure is 13 dB at 50 MHz and 6 dB 
at 100 MHz. 

The overall noise factor of a system 
composed of a receiver and an antenna is 

Fsys = Fa-1 + F r (1) 

where 

F sys = overall system noise factor 
(ratio) 

F a = antenna noise factor (ratio) 
F r = receiver noise factor (ratio) 

Assume you are operating a receiver 
with a 10-dB noise figure (noise factor = 
10) on 10 meters where the antenna noise 
figure is 18 dB (noise factor = 63). How 
much does the receiver degrade the over¬ 
all noise figure? 

F sys = 63 - 1 + 10= 72 or 18.6 dB 

For a perfect receiver (zero-dB noise 
figure) the calculation is 

Fsys = 63 - 1 + 1 = 63 or 18 dB 

Thus, the receiver degrades the noise 
figure of the system by only 0.6 dB. 

The story is different at vhf. Suppose 
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you are operating at 100 MHz with the 
same receiver. Here the antenna noise 
figure is only 6 dB (noise factor = 4). 

F S ys = 4- 1 + 10= 13 or 11.1 dB 


mixer, including its input circuits, has a 
NF of 7 dB (noise factor = 5) and a gain 
of 10 dB. 

F r » 5 + = 6.9 or 8.4 dB 


In this case the NF is degraded by 5.1 dB 
over that of a perfect receiver. 
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fig. 3. Noise characteristics of a modern fet 
balanced mixer feeding an i-f strip. 


receiver noise figure 

One rule-of-thumb says that the first 
stage of a well designed receiver should 
contribute all except one dB of the over¬ 
all receiver noise factor. The overall noise 
factor of a receiver can be found from 

p = P1 + F2- 1 + F3 _^ 1 ,2« 

hr hl G1 G1G2 U) 

where F r = overall receiver noise 

factor (ratio) 

F1,F2,F3 = noise factors (ratio) 
of first, second and 
third stages 

G1,G2 = power gain (ratio) of 
first and second 

stages 

Apply this formula to the receiver 
shown in fig. 2 which is typical of 
receivers used in the late 1930s. 


F r 


25 + 


126- 1 + 
10 


126 - 1 
10 x 15 


= 25 + 12.5+ .83 
= 38.3 or 15.8 dB 


Notice how little the second and succeed¬ 
ing stages contribute to the overall noise 
factor. 

Let's look at another example. Fig. 3 
shows a modern fet balanced mixer work¬ 
ing from the antenna into an i-f strip with 
a NF of 13 dB (noise factor = 20). The 


Substitute a modern diode balanced 
mixer with a 6-dB NF (noise factor = 4) 
and 0.4 gain for the fet mixer in fig. 3 and 
you obtain 

F r = 4 + ^^-= 51 or 17.1 dB 

This receiver obviously needs an rf 
amplifier to reach an acceptable operating 
noise factor. 


rf amplifier noise figure 

A simplified schematic and equivalent 
circuit of an rf amplifier is shown in fig. 
4. The noise factor of such a stage below 
20 MHz is approximated by 


F = 




(3) 


where F = amplifier noise factor (ratio) 

R A ' = transformed antenna resis¬ 
tance = n 2 RA 

R d = dynamic resistance of tuned 
circuit = QX l 

R eq = equivalent noise resistance of 
amplifyingdevice (fet or tube) 


The first two terms, 1 + Ra’/Rd< give 
the noise contribution of the input tuned 
circuit. When the antenna is exactly 
matched to the receiver R A ' = R D and 
the noise factor of the input tuned circuit 
is 2, or 3 dB. 

The third term, (R eq /R A ') (1 + 
Ra'/Rq) 2 - ' s the noise contribution of 
the fet or tube and reduces to 4R eq /R A ' 
when the antenna is matched to the 
receiver. Above about 20 MHz the input 
impedance of both tubes and fets falls 
off, shunting the dynamic resistance, R D , 
adding additional factors to the calcula¬ 
tions. 

When the antenna is matched to the 
receiver the NF of the input circuit is 3 
dB. This NF can be made to approach 
zero dB by reducing the transformed 
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antenna resistance, R A \ Overcoupling by 
increasing the primary turns, which 
reduces the ratio n 2 , will decrease R A ' 
This technique is sometimes useful at vhf 
when the noise factor of the matched 
amplifier is less than 6or8dB. However, 
this is done at the sacrifice of rf selec¬ 
tivity since R A ' effectively shunts R D , 
lowering the Q of the tuned circuit. The 
optimum value of R A ' which gives the 
lowest possible NF is 

R a ' (optimum) = R d \J — Req —- (4) 

R d + R e q 

input tuned circuits 

The input tuned circuit(s) of an rf 
amplifier has two functions. It matches 
the antenna to the active device and it 
provides rf selectivity. Fig. 5 shows various 
ways the single tuned circuit may be used 
as an input circuit. 

The most common input circuit is the 
untuned primary to resonant tank circuit 
shown in fig. 5A. The size and coupling 
of the primary is determined by the 
characteristics of the antenna. Most 
modern receivers are designed for 50- or 
75-ohm transmission lines and the 
primary is adjusted so that the reflected 
impedance, combined with the impe¬ 
dance of the primary itself, is the proper 
value. The match is rarely exact and will 
vary from one end of a band to the other. 

Receivers with low-impedance inputs 
are sensitive to the characteristics of the 
antenna and line to which they are 
connected because there is a large step-up 
ratio from primary to secondary. Older 
receivers used 200- to 400-ohm primaries 
to match the open transmission lines uf 
the day and were more tolerant of the 
type of antenna used. 

The tapped coil method of coupling 
the antenna is often used at vhf (fig. 5B) 
because it allows convenient adjustment 
of the coupling to produce optimum r A ' 
for minimum NF. Using a noise generator 
to determine NF, a fine wire is successive¬ 
ly soldered up from the bottom of the 
coil until the best NF is found. The 


output impedance of the coil can also be 
varied by tapping down, as shown. 

The classic R390 military receiver has a 
versative input circuit that will handle 
random-length wires, balanced or un¬ 
balanced lines (fig. 5C). A random-length 
wire or whip is connected to the top of 



o 

fig. 4. Noise sources in the antenna input stage 
of a communications receiver. Simplified circuit 
is shown in (A). Equivalent circuit is shown in 
(B). 

the tuned circuit through Cl (input 1). 
The value of Cl varies from 5pF on the 
16- to 32-MHz range to 120 pF on the 
0.5- to 1-MHz band. Balanced lines are 
connected to the outside terminals of 
input 2 and are electrostatically balanced 
to ground by the capacitive divider. Un¬ 
balanced transmission lines are connected 
to one side of input 2. 

One method of obtaining a precise 
impedance match at a particular fre¬ 
quency is shown in fig. 5D. This circuit 
became prominent when it was used in 
the famous R9'er impedance-matching 
preamplifier in the late 1940s. 4 - 5 The 
coil and variable capacitor are adjusted 
successively for maximum output until 
no further improvement is obtained. The 
circuit was said to match resistance from 
58 to 3120 ohms when the coils were 
loaded with a 7k swamping resistor and 
the variable capacitors had a range of 5 to 
100 pF. 

The pi network allows precise adjust¬ 
ment of both the input and output 
impedances (fig. 5E). It is sometimes used 
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at vhf to adjust the coupling for mini¬ 
mum noise factor. 

filters 

The trend today is toward more com¬ 
plex circuitry between the antenna and 
the rf amplifying device. The ultimate rf 
selectivity is provided by crystal lattice 
filters. Conklin has described practical 
filters for 20 meters with stop bands 
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fig, 5. Antenna input circuits used in communi¬ 
cations receivers. 


100-dB down and 6/60 dB shape factors 
better than 1.8:1. 6 He used a switch 
selected set of eleven filters, each 33-kHz 
wide, to cover the entire 20 meter band 
(fig. 6A). 

Helical resonators are capable of Qs of 
700 at the high frequencies and more 
than 1000 at vhf and several of them can 
be cascaded. A recent article 7 described 
practical helical resonators for 15, 20 and 
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40 meters (fig. 6B). Their disadvantages 
include size and their requirement for 
fixed tuning. A three-section, 15-meter 
filter measured lO’/z-inches (26.7-cm) 
long, 5%-inches (13.3-cm) high and 372- 
inches (8.9-cm) deep. 

Multiple conventional tuned circuits 
can be mutual-inductance coupled, com¬ 
mon- inductance or -capacitance coupled 
or top-capacitance coupled. The 
common-inductance coupled circuit in 
fig. 6C was used in a recent home-built 
75-meter DX receiver. 8 The value of the 
coupling coil for that band was given as 
0.3 mH. 

A similar circuit using top-capacitance 
coupling is shown in fig. 6D. In one 
recent high-frequency receiver design C c 
was a 0.2- to 3- pF ceramic capacitor. 9 
The coupling was optimized by succes¬ 
sively reducing C c from maximum 
capacity in small steps and then returning 
the main tuning capacitors until there was 
a slight loss in gain as indicated by the 
S-meter. 

Old TRF receivers sometimes lumped 
their tuned circuits at the front of the 
receiver. One such preselector circuit used 
four tuned circuits with both mutual- 
inductance coupling and common- 
inductance coupling (fig. 6E). 

Cohn has shown how to maximize 
stop-band attenuation while minimizing 
insertion loss for multicircuit rf filters. 10 
One filter designed from his work is 
shown in fig. 6F. 

selection of device and operating 
conditions 

The rf amplifier designer has three de¬ 
vices from which to choose: vacuum tubes, 
bipolar transistors and fets. The vacuum 
tube can be eliminated because it is not 
compatible with the modern solid-state 
receiver in terms of heat generation, size, 
reliability and power supply require¬ 
ments. The bipolar transistor is deficient 
in signal-handling ability. This leaves the 
fet as the almost universal choice for 
high-frequency rf amplifier applications. 

When selecting an rf amplifier device 
the designer must consider such char- 
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fig. 6. Multi-element rf input filters used in 
communications receivers. Use of each is des¬ 
cribed in the text. 
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are secondary to linearity at the high 
frequencies. An idea of the noise 
performance of fets is given by the 
equivalent noise resistance formulas. 


Re q (jffct) r 

(5) 

R eq (mosfet) = _ 

(6) 

R eq (triode) = ~ 

( 7 ) 

R eq (pentode) 


= , + 

(8) 

+ Ic2 \G m G m 2 / 


e 

acteristics as gain, noise figure, linearity, 
feedback capacitance (stability) and 
adaptability to manual and automatic 
gain control. The relative importance of 
each of these characteristics varies from 
one application to another. Table 1 lists 
the characteristics of some of the more 
popular rf fets. 

Noise and gain are important design 
considerations in the upper vhf region but 


The operating transconductance, G m/ 
should be used in the formulas. In the 
case of jfets the G m is specified at zero 
bias although the device is actually 
operated at a negative bias where the G m 
is considerably less. 

The gain of the rf amplifier should be 
just enough to overcome the losses of the 
tuned circuits and to override mixer 
noise. The rf passband may be anywhere 
from 60 to 150 kHz wide at 14 MHz, 
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even with multiple tuned circuits, and all 
signals within the passband will be fully 
amplified. An rf amplifier with a gain of 
10 dB will reduce the effective dynamic 
range of the mixer by 10 dB for signals 
within the rf passband. 

Select devices with high pinch-off 


handle less signal than the mixer, thereby 
degrading the performance of the 
receiver. Gain is preferably controlled by 
a manual or automatic attenuator be¬ 
tween the antenna and the amplifying 
device. 

Stability of the rf amplifier is a func- 


table 1. Characteristics of selected rf amplifier fets. A 6BA6 vacuum tube is included for comparison 
purposes. 


type 

min 

G m 

device 

max 

Req 

mA 

1 DS5 

max 

c gs 

max 

^rss 

min 

BV 

Vp 

ref 
f req 

max 

NF 

CP650 

100,000 

if et 

10 

0.3—1.2 A 

25 

25 

25 

2—10 

50 

2.5 

40673 

12,000 

mosfet 

55 

5—35 

6 

.03 

20* 

—4 

200 

6 

3N140 

6,000 

mosfet 

94 

5— 30 

7 

.03 

20* 

—4 

200 

4.5 

2N5397 

6,000 

jfet 

167 

10-30 

5 

1.2 

25 

1-6 

450 

3.5 

2N4416A 

4,500 

jfet 

222 

5—15 

4 

0.8 

35 

2,5—6 

100 

2 

E300 

4,500 

jfet 

222 

6—30 

5.5 

1.7 

25 

1—6 

100 

2 

HEP802 

2,000 

jfet 

500 

2—20 


* 

25 

- 

- 

- 

6BA6 

4,400 

pentode 

3550 

- 

5.5 

.0035 

- 

- 

- 

- 


* = BV DGO , others BV GSS 


voltage, V p for best linearity. Even within 
a given type it pays to select. The 
pinch-off voltage of the standard 
2N4416A, for example, is specified at 2.5 
to 6 volts. For best linearity jfets should 
be biased at approximately V p /2. Dual- 
gate mosfets are run closer to zero bias, 
occasionally with slight positive bias. 

Maximum linearity also demands that 
the operating point of the device be fixed 
and not varied for gain control purposes. 
The cross-modulation versus gain reduc¬ 
tion characteristics of the 3N140 mosfet 
are shown in fig. 7. 11 In this case gain is 
reduced by varying the bias on gate 2. 
When operated at its normal conditions 
the device will handle a 130-mV signal 
before cross-modulation occurs. Changing 
gate-2 bias to reduce the gain by 5 dB 
results in dropping the signal handling 
ability to 75 mV. Reducing the gain still 
further, to -15 dB, increases the signal¬ 
handling ability to 300 mV. 

All devices, tubes, bipolars and fets, 
have linearity-vs-gain reduction curves 
similar to the 3N140. The exact location 
of the peaks and valleys varies from type 
to type and even within the same type. If 
you apply manual or automatic gain 
control to an rf amplifier it is possible to 
bias the device to a point where it will 


tion of the feedback or reverse transfer 
characteristics of the device. This is com¬ 
posed almost entirely of capacitance, C rss 
or C gd in an fet. In the triode jfet C rss 
runs from 1 to 3 pF, too high to use the 
device in an unneutralized common 
source circuit. The dual-gate mosfet may 
be used in common-source circuits 
because its C rss is only 0.03 pF. This is 
comparable to that of many pentodes 
although it is still considerably greater 
than the 0.0035 pF of the old reliable 
6BA6. 
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INTERFERING SIGNAL imV) 

fig. 7. Level of interfering signal required to 
produce cross-modulation in a 3N140 dual-gate 
mosfet as gain is varied by changing the bias on 
gate 2 . 
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circuits 

Pentodes were long the workhorse of 
rf amplifier circuits so it is fitting to look 
at the pentode circuit before going on to 
newer devices. The 6AK5 came out of 
World War II research into better tubes 
for vhf. In 1946 it was used in the 
famous R9'er, a broadband, impedance¬ 
matching rf preamplifier (fig. 8). 

The biasing and supply circuitry of the 
R9'er, a broadband, impedance-matching 
rf preamplifier (fig. 8). 
rather than by a cathode potentiometer. 
The input and output tuned circuits are 
broad-banded by loading them down to a 
Q of 50 with resistors. Capacitive dividers 
permit adjustment of input and output 
impedance matches. The R9'er provided a 
dramatic improvement in noise factor 



fig. 8. A pentode is used in the famous R9’er 
impedance-matching preamplifier popular in 
the late 1940s. 


when connected ahead of some of the 
prewar receivers which typically had a NF 
of 14 dB or worse. The NF of the R9'er 
was 6 dB. 

The modern day rf amplifier work¬ 
horses are the dual-gate mosfets such as 
the 3N140 and the 40673. The NF of the 
mosfet in the circuit of fig. 9 with input 
matching optimized for noise, is 2 dB at 
28 MHz and the gain is 26 dB. 12 Since 
both of these figures are better than 
required for high-frequency work, the 
excess gain and NF could well be traded 
for better signal-handling characteristics. 

In this circuit resistors R3 and R4 
form a voltage divider to provide 4 volts 
bias to gate 2 of the mosfet. Unlike tubes 



fig. 9. A modern rf amplifier stage using a 
dual-gate mosfet. Gain of this stage is 28 dB at 
28 MHz; NF is 2 dB. 


and jfets, the mosfet can be run at zero or 
positive bias and the transconductance is 
maximum near zero bias. Resistors R1 
and R2 form another voltage divider to 
develop sufficient positive bias to over¬ 
come the negative bias of R5 and bias 
gate 1 near the zero bias point. 

The jfet has such large feedback 
capacitance that, without neutralization, 
it is unstable in the common-source cir¬ 
cuit. One remedy is to run the device in 
grounded gate. Fig. 10 shows the circuit 
of a broadband preamplifier covering 0.5 
to 50 MHz using a grounded-gate 
jfet. 1 3 , 14 The amplifier has a NF of less 
than 2.5 dB and a dynamic range — the 
range between the weakest usable signal 
and the signal which causes a 1-dB com¬ 
pression of the output—of 140 dB! The 
pression of the output — of 140 dB! The 
performance of this preamplifier is due 


Qi 

.05 CP650 .05 Li 



fig. 10. Wideband (500 kHz to 40 MHz) 
preamplifier using a power fet provides wide 
dynamic range. 
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power fet of the Crystalonics CP650 
family. It consists of 15 fets in parallel on 
a single chip and provides a minimum G m 
of 100,000 ^rnhos. 

In fig. 10 resistor R1 is selected to set 
the drain current of Q1 at 30 to 40 mA at 
which point the G m will be about 55,000 
jumhos. The input impedance of a 
grounded-gate device is equal to approxi¬ 
mately 1/G m {18 ohms for this circuit). 
The input circuit results in a mismatch to 
a 50-ohm line but results in only about 
1-dB loss in gain and improves the NF 
over the matched condition by approxi¬ 
mately 0.5 dB. 

The output circuitry is a lowpass filter, 
LI/Cl, which provides a constant 
200-ohm load to the fet over the entire 


frequency range. L2 is a 200- to 50-ohm 
matching transformer. 

Jfets can also be used in the cascode 
circuit without neutralization. This cir¬ 
cuit was chosen by the designers of the 
Allied/Radio Shack AX-190 receiver (fig. 
11). The cascode circuit is stable because 
the input cannot "see" the output 
through the very small drain-to-source 
capacitance of the second device which 
uses the grounded-gate configuration. 

Two tuned circuits are used in front of 
the amplifier, coupled through an atten¬ 
uator pot. The drain of Q2 is tapped 
down on the output tank to preserve its 
Q. The 100-ohm resistors are parasitic 
suppressors. Transistor Q3 acts as a vari¬ 
able source resistor which is actuated by 



fig. 12. A selective rf amplifier using two grounded-gate fet stages. Selectivity is provided by the 
helical resonators T1 and T2. For high-frequency operation it would be better to tap the fets down 
on LI and L2 to obtain more selectivity. 
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the avc system. This is one method of 
overcoming the incompatible avc require¬ 
ments of fets and bipolar transistors. 

Another interesting rf amplifier circuit 
which uses grounded-gate fets as buffer 
and impedance-matching devices for a 
pair of helical resonators is shown in fig. 
12. 15 Designed for color tv reception on 
channel 10 while rejecting channels 9 and 
11, it is claimed to provide 15-dB gain 
and a 4-dB NF at 193 MHz. The input 
and output circuits provide little selec¬ 
tivity because of the heavy loading of the 
fets. At high frequencies it would be 
better to tap the fets down on the tuned 
circuits so they could contribute to the 
overall selectivity of the receiver. 
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design data for 

pipe masts 


One of the best I 
materials for I 

antenna masts ■ 

r* 

O 

is steel pipe — « 

33 

here is how | 


to design 
your own 


One of the best materials available for 
building self-supporting antenna masts is 
steel pipe. It is widely available, uniform 
in quality and reasonable in price. A well 
designed mast is adequately strong, neat 
and attractive, and relatively lightweight. 
And, using steel pipe, it is not too 
difficult to design a fold-over mast which 
allows all antenna work to be done at 
ground level. Even maintenance on the 
mast itself does not require work at any 
great height. 

However, attaining all of these advan¬ 
tages does require some design work. This 
is particularly important for safety. The 
purpose of this article is to present a set 
of design curves which will give a safe and 
satisfactory design while using the mini¬ 
mum of material. 
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construction 

The general construction of a typical 
fold-over pipe mast is shown in fig. 1. At 
the top is the antenna and rotator, carried 
by the smallest size pipe. This is inserted 
into the upper end of the next size pipe 
for a short distance, and fastened by 
through-bolts or welding. The second 
section is inserted into the next larger, 
and so on. The bottom section is hinged 
to a fixed upright pipe, which gives the 
fold-over feature. It, in turn, nests into a 
larger section of pipe set into the ground. 
A yoke is provided to fasten the mast to 
the upright after erection. Fig. 1 shows a 
block and tackle for pulling the mast to 
the vertical position but a winch, fastened 
to the upright, may be used instead. 

Most mast designs use the widely 
available standard-weight pipe, each size 
of which nests neatly into the next larger 
size, over the range from Vh to 4 inches 
(38 to 100 mm). Larger sizes still nest. 

Standard and Extra Strong (ASTM nomencla¬ 
ture) are the two pipe weights commonly 
encountered. The American Petroleum Institute 
has a separate designation for well casing, but 
this is called tubing rather than pipe, although 
some sizes are identical to pipe sizes. The 
critical dimension for Standard weight pipe are: 

size OD wall thickness 

4-inch (102-mm) 4,5" (114 mm) 0,237" (6,0 mm) 
3 J /2-inch (89-mm) 4.0" (102 mm) 0.226" (5.5 mm) 
3-inch (76-mm) 3.5" (89 mm) 0.216" (5.5 mm) 

2V?-inch (64-mm) 2.875" (73 mm) 0.203" (5.0 mm) 
2-inch (51-mm) 2.375" (60 mm) 0.154" (4.0 mm) 

The ASTM recommended fiber stress values for 
Standard weight pipe is 20,000 psi (bending). 
The design procedure presented here uses a 10% 
reduction from this stress figure, based on good 
used pipe. Editor 
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but there is a gap between the walls. Very 
high masts, or those with unusually heavy 
top loads, can be built with extra-strong 
or double-extra-strong pipe, but such 
designs are not considered here as the 
data are calculated for standard-weight 
pipe. 

design criteria 

The critical or design load on a section 
may be caused by wind load when the 
mast is vertical, or by erection load as the 
mast is being raised. Both loads should be 
calculated and the design chosen for the 
worst of the two. 

For wind load, two design winds are 
commonly used. For most of the coun¬ 
try, it is assumed that the worst wind to 
be encountered is 85 mph (137 Kph), a 
value to be expected once in 50 years or 
so. For Florida, the Gulf Coast and 
locations such as Cape Hatteras, a maxi¬ 
mum wind of 125 mph (201 Kph) is also 
used. Your county engineer can provide 
the recommended value for your location 
(see reference 1). 

During erection there is some deflec¬ 
tion, or bending, of the mast. The great¬ 
est load occurs as each section is horizon- 



fig. 1. General layout of the fold-over pipe mast 
(not to scale). 



fig. 2. Allowable section length at erection for 
standard weight pipe, fiber stress = 1 8 kips.* 


tal and this is the loading which must be 
designed for. 

The wind and erection impose two 
different types of load on the section. 
One is the concentrated load at the 
topmost end of a section due to the 
forces on the section above. The second is 
the distributed load acting along the 
length of the section. As the concentrated 
load becomes larger there is less strength 
left for the distributed load, so the 
section length must become smaller. 
Accordingly, the problem of design is to 
determine the allowable section length. 

The concentrated load during erection 
is the weight of the antenna, rotator and 
sections above the one being considered. 
The concentrated wind load includes the 
sum of all wind loads above the section 
being considered. The usual load is calcu¬ 
lated on the basis of projected area. This 
is the area covered by the shadow of the 

"The units of force are pounds, tons, kilograms, 
etc. In engineering practice the word kip is 
frequently used; it merely means a thousand 
pounds. Thus 18 kips can also be written 
18,000 pounds. Editor 


September 1974 SB 53 






object. If the object is not symmetrical, 
as a Yagi beam, the largest projected area 
is used. The loading depends on whether 
the object is flat or round, as follows: 


kg per square meter). Reading upward 
from this load on fig. 4, it is seen that the 
maximum allowable length for T/i-inch 
(38-mm) pipe is 8 feet (2.4 meters). Since 


wind loading 

pounds per square foot (kg per square meter) 

85 mph (173 kph) wind 125 mph (201 kph) wind 

Flat objects 30.3 (147.9) 65.9 (321.8) 

Round objects 18.1 (88.4) 39.0 (190.4) 


The projected area is often given in the 
instructions for commercially made an¬ 
tennas and rotators. It is easily calculated 
from the dimensions of the element . 1 

Given this concentrated load on the 
topmost section, design of the mast 
proper involves solving section load equa¬ 
tions for allowable section length. To 
simplify this process the equations have 
been reduced to a series of graphs, fig. 2 
and 3 for load during erection, and figs. 4 
and 5 for wind loads. Use of these curves 
will be explained through an example. 

example 

Assume that the design is for an all 
tubing six-meter antenna, having two 
square feet (0.186 square meter) project¬ 
ed area and weighing 15 pounds ( 6.8 kg). 
A small TV rotator is available, having 
one-half square foot (0.046 square meter) 
of mostly flat plate area, and weighing 8 
pounds (3.6 kg). This area is not subject¬ 
ed to unusual winds. Mast height is forty 
feet ( 12.2 meters). 

The concentrated load on the top 
section is 15 plus 8 or 23 pounds (10.4 
kg). Entering fig. 2 at the bottom with 
this weight and moving upwards, it is seen 
that the top section could consist of 
12-feet (3.7-meters) of 114-inch (38-mm) 
pipe, or 16-feet (4.9-meters) of 2-inch 
(51-mm) pipe or 20 -feet ( 6 . 1 -meters) of 
2 y 2 -inch (64-mm) pipe. In keeping with 
the scale of the antenna, suppose the 
lli-inch diameter (38-mm) pipe is used. 

The concentrated wind loading is due 
to 2 square feet (0.186 square meter) of 
antenna and one-half square foot (0.046 
square meter) of rotator. From the table 
above, the loading is 2 x 18.1 plus 0.5 x 
30.3, or 51 pounds per square foot (249 
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this is the critical value, it becomes the 
length of the topmost section. 

Assume that the sections are to be 
fastened by welding, with 6 -inch 
(15.2-cm) insertion into the next section. 
From fig. 3, the weight of the 8 y 2 -foot 
(2.6-meter) total of the top section is 23 
pounds (10.4 kg). The wind loading on 
the exposed 8 feet (2.4 meters), from fig. 
5, is 25 pounds per square foot (122.1 kg 
per square meter). Thus, the weight load 
at the top of the second section is 23 + 
23 or 46 pounds (20.9 kg) and the wind 
loading is 51 + 25 or 76 pounds per 
square foot (371.1 kg per square meter). 

Using fig. 2 again, the maximum allow¬ 
able length of the next section using the 
nesting 2-inch (51-mm) pipe is 1iy 2 feet 
(3.5 meters) for erection loads. From fig. 
4, the allowable length for wind loads is 9 
feet, which becomes the section length. 
Proceeding as before, the loads on the 
next section are 46 plus 35 or 81 pounds 
(36.7 kg) during erection, and 76 plus 35 
or 111 pounds per square foot (541.9 kg 
per square meter) for wind. 

Again, using fig. 2 and 4, the allowable 
length of 2 y 2 -inch (64-mm) pipe is 13 feet 



fig. 3. Weight of standard pipe , 


(4 meters) for erection load, and 12’/2 feet 
(3.8 meters) for wind load. The 12yafeet 
(3.8 meters) is the length £ a in fig. 1. The 
load on the section in fig. 1 is the same 
in magnitude, so this part could also be 
12y2-feet (3.8-meters) long. However, a 
stock length for pipe is 21 feet (6.4 
meters). Assume that this is all that is 
available. Then the third section will need 
to end one-foot (30-cm) above ground to 
reach the desired 40-feet (12.2-meters) 
total height. This is not unreasonable. 


10/4 feet (3.2 meters) of the lower 
section plus some amount on the upright. 
Assume that the upright is fully exposed, 
a safe assumption. The wind load to the 
top of the upright is 111 plus 55 or 166 
pounds per square foot (810.5 kg per 
square meter) maximum, the exact value 
depending on the final choice of upright 
length. From fig. 4, the upright can be 
only 6-feet (1.8-meter) long if it is 2 y 2 - 
inch (64-mm) diameter, or 13-feet 
(4-meters) long if it is 3-inch (76-mm) 
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fig. 4. Maximum allowable section length for standard weight pipe with winds of 85 and 125 mph 
(fiber stress - 18 Kips). 


If a counterweight is added to the 
lower part of the third section to just 
balance the top weight, the erection loads 
on the fixed upright pipe are essentially 
zero. Even if no counterweight is used, 
the balancing effect of the part of fig. 
1 reduces the load on the upright to less 
than the load on section K a of fig. 1. 
Thus, if the upright is no smaller than the 
lowest mast section, it will have adequate 
strength for erection. 

The wind load on the upright is that of 
the upper sections plus that on the top 


diameter. Since 12y2 feet (3.8 meters) is 
needed as a minimum, this is just about 
right (half of the 21-foot [6.4-meter] 
length of the 2y 2 -inch [64 mm] section, 
plus one-foot [30-cm] ground clearance). 

Factors affecting the length of pipe 
buried in the ground are discussed below. 
For this example, assume that this is ten 
percent of mast height, or 4 feet (1.2 
meter). Total upright length is thus 13y 2 
plus 4 or 17y 2 feet (5.3 meters). The 
jacket section buried in the ground needs 
to have one-inch (25-mm) clearance, so 
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it needs to be a four-foot (1.2-meter) 
length of 5-inch (127-mm) diameter pipe. 
The results of this design example are: 

Top section: 114-inch (38-mm) diameter 
top section, total length 8% feet (2.6 
meters), exposed 8 feet (2.4 meters). 

Second section: 2-inch (51-mm) diameter 
second section, total length 914 feet (2.9 
meters), exposed 9 feet (2.7 meters). 

Lower section: 214-inch (64-mm) diam¬ 
eter lower section, total length 21 feet 
(6.4 meters), hinge at 1214 feet (3.8 


all-purpose design curves for these. The 
best way of proceeding is to work with 
your county engineer, and use the prac¬ 
tices developed for your particular area. 
The local power or telephone company 
should also be able to supply the neces¬ 
sary data. 

For reasonably good soils, such as firm 
loams or clays, a good starting point is to 
assume that the foundation depth is equal 
to ten percent of the height, with the 
jacket set in concrete of sufficient size to 
keep the soil load to a safe value. A 
maximum load of 4000 pounds per 




SECTION LENGTH (FEET) 
Q 125 MPH 


fig. 5. Wind loading for standard weight pipe, 85- and 125-mph winds. 


meters), 1-foot (30-cm) ground clearance 
at bottom. 

Upright: 3-inch (76-mm) diameter up¬ 
right, total length 1714 feet (5.3 meters), 
exposed 13y2 feet (4.1 meters), buried 4 
feet (1.2 meters). 

Jacket: 5-inch (127-mm) diameter jacket, 
total length 4 feet (1.2 meters), all 
buried. 

If necessary, this design could be carried 
higher, using larger pipe sizes. 

It is often necessary to try several 
initial assumptions as to length and diam¬ 
eter of the top section. With a little 
practice, this can be done in a few 
minutes. 

foundations 

Because of the great variability of 
soils, it is not possible to provide a set of 
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square foot (19530 kg per square meter) 
is often used, with the design being 
adjusted to give 100% safety factor above 
the design load. If you haven't done this 
work before, the county engineer can 
show you the steps. 

safety 

Any antenna mast can become a 
hazard if good safety practices are not 
followed. Remember that a quarter- or 
half-ton of steel thirty- to seventy-feet (9- 
to 21- meters) in the air is no toy. If you 
lack experience or don't have the proper 
facilities, get qualified help. Always 
remember, safety is no accident. 
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In my last article on the reciprocating 
detector 1 the final paragraph contained 
the statement, "... It is hoped that 
other amateurs will try it and perhaps 
find some of the features we missed; or 
perhaps shoot down those reported." In 
the months following publication of the 
article, I have received considerable mail 
explaining what I missed, or telling me I 
was copying some one else's idea, which 
had been invented using tube circuits in 
1907. For the most part, the questions or 
descriptions were useful in answering all 
who posed other questions. But most of 
all, demonstration of several short¬ 
comings were made obvious. Acknowl¬ 
edgements usually follow the last para¬ 
graph in an article; but mine must come 
first, and I thank all who wrote. This 
article is presented to answer most of the 
queries received and to set the record 
straight on what the reciprocating 
detector (RD) is, and what it is not. 

typical queries 

Many requests were for circuitry that 
could be used to incorporate the RD in 
receivers with i-f amplifiers at frequencies 
well above the limits of the practical 
reciprocating detector. The method of 
obtaining the RD reference is through 
feedback, which is partly carrier-level 
controlled and which would require 
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shielding of the adjacent circuits and the 
use of semiconductors well out of the 
price range of the average amateur. Other 
requests desiring to use the RD with 
transceivers required extensive investiga¬ 
tion into the operation of these sets. In 
most cases I recommended that the 
amount of work would not justify the 
results. 

older sets 

Many amateurs installed the RD in 
older sets that had single filters, or none 
at all, with the hope that ssb, as well as 
the other features described would result 
in a receiver that could compete in the 
melee on bandedge pileups, or that could 
put these receivers in the same class with 
a modern receiver. This is not possible, 
and it was not my intention to mislead 
anyone into thinking it was. 

The problem here is perhaps best 
resolved by careful consideration of the 
facts on how the receiver operates; for 
some because of the avc characteristics or 
the lack of them. 

The set could never be used success¬ 
fully on ssb. Why? Let's take the case of a 
receiver with single-filter selectivity. Sup¬ 
pose the receiver has one filter 3.1-kHz 
wide with a 455-kHz i-f. A reciprocating 
detector with a 455-kHz reference fre¬ 
quency will require the user to offset- 
tune the front end. He will receive some 
of the sideband he is looking for and will 
have all the pertinent features of noise 
impulse suppression of the RD, but part 
of the sideband will be clipped and will 
sound hard. 

If there is no filter at all, and the 
bandwidth is very wide (which is usually 
the case), then either sideband will get 
through easily, along with the adjacent 
channel. Obviously filters are a must and 
dual filters are the best in my opinion. 

The attack characteristics of the avc in 
older sets are such that these systems 
cannot be used with the reciprocating 
detector. The RD can't stand overloads, 


and in many cases the rf signal presented 
by the i-f amplifier of older sets to the 
RD is in excess of 3 volts, which will 
certainly saturate it. I don't have a cure 
for this problem in the design presented 
here. Unless you can redesign your old 
receiver to accommodate today's signal 
amplitudes, I can't recommend an RDto 
replace your existing detector unless you 
wish to use it for some of the other 
modes of operation. 

Before describing the RD converter, 
I'll describe the operation of the RD and 
define some terms. 

circuit description 

Let's start by looking at the circuits of 
fig. 1. The description deals first with the 
circuit of fig. 1A, a bit different from 
most detector circuits. A dsb signal will 
be used to actuate the RD switch. The rf 
input is fed into a battery and resistor 
combination, which provides bias to keep 
transistor Q3 just below, but not quite at, 
cutoff. Transistor Q3 therefore serves as a 
half-wave rectifier for the incoming signal 
and as a current source for the emitters of 
Q1, Q2. This current source is the refer¬ 
ence for the base of Q2, enabling it to 
conduct on the positive reference peaks. 
Therefore, since Q1 and Q2 emitters are 
driven from a common-current source, 
Q1 is enabled and conducts when Q2 is 
off, but only on negative reference peaks. 
Neither Q1 nor Q2 can conduct unless Q3 
is also enabled, which occurs only on 
positive rf signal peaks. Therefore Q2 
conducts when the rf signal is in phase 
with the reference signal, and Q1 con¬ 
ducts only on the 180-degree difference 
with respect to the reference. 

Now, since the audio and rf outputs 
are obtained differentially from those 
two switching transistors, a transfer of 
the conduction of Q1 to Q2, or vice 
versa, causes a polarity flip. It is this 
flipping action that is required to convert 
the waveform to a sine wave. 

In the paragraphs above I have 
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continually used the word "reference," 
and in doing so may have confused the 
issue. By reference, I mean the beat signal 
that is synthesized from the rf input 
signal. Through feedback, routing the 
signal through the filter, FL, we have 


+ DC 



automatically provided a beat frequency 
oscillator, which is dependent upon the 
signal. More about this later. 

synchronous mode 

So far I've talked about a system that 
is self-controlled through the use of the 
carrier-synthesized reference. Now comes 
another term we must use: the synchron¬ 
ous mode. The reference signal is 
synchronous with the carrier because it is 
generated by the carrier. The feedback 
through the filter, FL, establishes this 
action. The signal is recovered from the 
switch through an audio transformer (act¬ 
ing as a low-pass filter in the demonstra¬ 
tion circuit). 

nonsynchronous mode 

Since it has been demonstrated how 
the reference signal is derived from the 
received (carrier) signal, and you now 
know what is meant by the synchronous 
mode, I'll try to answer the question 
most amateurs get around to asking: 
"How do you get a reference when you 
have a single sideband signal with no 
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fig. 1, Reciprocating detector basic circuits. 
A demonstrates derivation of the reference 
signal (synchronous mode). Circuit B shows 
how a local carrier is generated for ssb 
reception (nonsynchronous mode). 
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carrier?” A third definition now rears its 
head: nonsynchronous mode—because 
there is no carrier-generated bfo signal if 
the carrier is properly suppressed. 

It will be easier to understand what's 
going on with the aid of fig. IB. It's the 
same circuit as in fig. 1A but without the 
feedback loop. It uses a separate oscilla¬ 
tor in the same fashion as a product 
detector. It is, in fact, exactly like a 
product detector. 

Let's rearrange some of the circuits 
and voltages and see what happens. First 
we replace the input signal to transistor 
Q3 with a small dc voltage. This voltage is 
converted to a fixed current in the 
collector of Q3. Now we replace the bfo 
with the filter circuit. Transistors Q1 and 
Q2 are now part of a differential ampli- 


and filter bandwidth, which many readers 
want to decrease because of the noise- 
elimination effects. Let's go back to dsb. 
The synchronous bandwidth of the signal 
is about one-third of the filter passband, 
or about 150 Hz. This is the case where 
phase correlation, previously discussed, is 
used. With an ssb input signal, the refer¬ 
ence point follows the signal. Now, if the 
sides of the filter are too steep, phase 
synchronism will not be consistent and 
the reference signal will hop around 
trying to follow the input signal. 

The peak deviation of a virtually un¬ 
filtered RD reference signal can't swing 
more than 30 degrees. This is not too 
obvious. Remember that the 180-degree 
phase change in the incoming signal is 
completely wiped out by the flipping 



fier. Through regenerative feedback Q1 
and Q2 form a simple oscillator operating 
at the filter center frequency. 

The dc voltage impressed on the base 
of Q3 is the average value of the half¬ 
wave rectified signal. The flipping action 
previously described for the synchronous 
mode still occurs. However, it's difficult 
to follow. This is because of the inter¬ 
mediate phase changes, which result from 
the frequency difference between the 
input signal and the self-generated refer¬ 
ence signal. In this mode, the reference 
level is no longer completely amplitude 
controlled by the input signal, but it does 
have signal-induced phase fluctuations. 
This signal is now pure rf since it is the 
filtered version of the signal envelope. So 
now the question should really have been, 
"How do you detect a reference for ssb 
signals?” 

bandwidth and noise reduction 

We will now discuss the lock-in range 


action of the reciprocating switch. So a 
filter with a bandwidth of 500 Hz or so 
will yield little or no jitter, even if the 
input is random noise. As for amplitude 
variations, this same filtering reduces 
these changes in the reference signal to a 
degree that most amplitude variations 
that approach zero are not evident. The 
fluctuation rate of these variations could 
be in the vicinity of 250 Hz. It should 
now be obvious why the circuit can and 
does reject impulse noise of short dura¬ 
tion and reduces the intensity of long 
static crashes. It should also be obvious 
why a filter with sides too steep or too 
narrow will not help, except, perhaps, on 
noise. If, however, the filter is too narrow 
and only improves noise rejection, the 
phase jitter will ruin the effectiveness of 
the reciprocating detector for its other 
purposes. 

455-kHz i-f receivers 

It took a lot of looking to find a way 
September 1974 [23 61 
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with 1811 bobbin. LI is 5 turns no, 30 
enamelled; L2 is 36 turns no. 30 enam¬ 
elled; L3 is 30 turns no. 36 enamelled 


that would allow the RD to be used with 
almost any receiver (see fig. 2). A mixer is 


L4. vari-Q filter wound on Ferroxcube 1811 - modulated by a crystal-controlled oscilla¬ 
te, CA250CB7 pot core with 1811 bobbin. tor. The mixer input has a tuned circuit 


L6 L4 is 15 turns no. 30 enamelled; L5 is 130 adjusted tO match a 455-kHz i-f Output. 


turns no, 36 enamelled; L6 is 26 turns 
no. 30 enamelled 

L7, Mixer coil, 455 kHz, L7 is 130 turns no. 
L8 36 on Amidon Associates T44-15 toroid 
core, L8 is 8 turns no. 36 wound on 


It can easily be coupled to the last i-f 
stage through a coaxial cable and a small 
capacitor. The input circuit can be adjust¬ 
ed to accept a wide range of frequencies 


same toroid 


simply by changing the input transformer 
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to one for the desired frequency. The 
crystal must also be changed. 

The vari-Q filter is excellent for reduc¬ 
ing interference. Its passband may be set 
by a variable capacitor and adjusted by a 
potentiometer (Cl 5 and R25, respective¬ 
ly, fig. 3). Adjustment is variable over a 
15-kHz range. 

construction 

The circuit (fig. 3) is conventional. 
The reference filter includes a variable 
capacitor operated from the front panel. 
This control allows the reference signal to 
be offset for receiving ssb signals. The 
control can be marked to indicate upper 
or lower sideband. 

*PC board available from the author. Write for 
details. Please include a self-addressed stamped 
envelope. 


The circuit is constructed on a PC 
board* except for the af amplifier and 
power supply. My unit is contained in a 
4x4x8-inch (10x10x20-cm) cabinet 
finished to match other equipment on the 
operating desk. 

Point-to-point wiring is used. Compo¬ 
nents in the parts list and schematic are 
not sacred except for the pot cores. 
Semiconductors should be silicon. Almost 
any general-purpose npn transistors may 
be used. The mixer transistor is an RCA 
40673, although substitutes are available 
that will work just as well. 

references 

1. Stirling Olberg, W1SNN, "Reciprocating 
Detector," ham radio, March, 1972, page 32. 

2. Stirling Olberg, W1SNN, "Vari-Q Filter," 
ham radio, September, 1973, page 62. 
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miniature 

filament transformers 


When miniature 
filament transformers 
are used in 
low-voltage 
power supplies 
the output voltage 
may be higher 
than expected 


In the old days when you bought a 
filament transformer you hardly ever 
bothered to measure the secondary volt' 
age. You knew that, at no load, it would 
be roughly 10% or so higher than at full 
load. This allowed for a reduction when 
loaded and also allowed for some voltage 
drop in the connecting wires to the tube 
sockets. Also, filament transformers were 
used primarily in those days to heat 
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filaments or heaters and these voltage 
requirements weren't very critical. 

Now things have changed. With mini¬ 
aturization and the lower power-supply 
voltages required for semiconductor cir¬ 
cuits using transistors, ICs and LEDs in 
analog and digital equipment, filament 
transformers are often selected by the 
experimenter as convenient power-supply 
transformers. Sometimes this is disastrous 
because, unless the transformer is fully 
loaded to its rated current capacity, the 
secondary voltage may be much higher 
than expected. 

power supply 

Consider an experience I had. I needed 
a 15-volt dc power supply to furnish 20 
mA to a transistor circuit. Good regula¬ 
tion was not a requirement but this 
transistor circuit absolutely could not 
tolerate a supply voltage greater than 20 
volts. Anything over 20 volts could zap 
the works. 

For the power supply I decided to use 
a 12-volt filament transformer and a 
full-wave bridge rectifier feeding a capa¬ 
citive filter. My initial rough calculations 
indicated that the output couldn't possi¬ 
bly be more than 20 volts even at no load 
after allowing for a 110% no-load second¬ 
ary voltage (plus an increase of 7 °A 
because my line voltage is a steady 12E 
volts ac rather than 117 volts). This 
worked out to 20-volts dc maximum ai 
no load. 


Since the load current of 20 mA 
was quite modest and since I wanted 
to hold the size of the power supply 
down, I looked around for a miniature 
12-volt filament transformer with a lower 
current rating than the generally available 
600-mA units. At Radio Shack I found a 
12-volt, 300-mA transformer with a core 
that measured only 1 3/8 x 1 1/8x 3/8 
inches (35 x 29 x 10 mm). I hooked it 
up, connected my voltage-sensitive load, 
turned on the juice and promptly zapped 
the transistor. What went wrong? Tran¬ 
sients? Not this time. I measured the 
no-load dc output of my power supply 
(belatedly) and found it to be 27.5 volts! 



O .2 .4 .6 .8 l.Q 1.2 

RATIO. SECONDARY CURRENT 
TO RATED CURRENT ) 

fig. 1. Chart shows how the secondary voltage 
increases as the secondary current is decreased 
in two miniature filament transformers. 

The no-load secondary voltage to the 
bridge rectifier measured 20 volts ac 
instead of 14 volts as originally estimated. 

miniature transformers 

This sad experience aroused my curios¬ 
ity about miniature filament transformers 
so I made some measurements and tests. I 
pass the results along for the benefit of 
others. I went back to Radio Shack and 
picked up one of their 6.3-volt, 300-mA 
filament transformers. This one had the 


same core size as the 12-volt, 300-mA 
unit even though the VA ratings have a 2 
to 1 ratio. Now I had a 6.3-volt and a 
12-volt transformer to test and compare. 
Each transformer was connected in turn 
to a Variac to energize the primary at the 
rated 117-volts ac. An adjustable resistive 
load was connected to the secondary and 
varied to draw from rated full-load to 
no-load secondary current. 

The results are shown in fig. 1. From 
this graph it is evident why my equip¬ 
ment was zapped. The no-load or light¬ 
load secondary voltage is considerably 
higher than the voltage at full-rated 
current. This revelation isn't meant to be 
a condemnation of the Radio Shack 
transformers. Actually they are well- 
made, American-produced products which 
put out their specified voltages at their 
full-rated currents. 

Sometimes when electronic compo¬ 
nents are miniaturized there are trade-offs 
involved. With transformers the core 
losses go up and the copper losses are 
greater due to the higher resistance of the 
small wire used. Would you believe that 
the primary current at no-load can be 
greater than when the secondary is fully 
loaded? I measured these primary cur¬ 
rents on the 6.3-volt, 300-mA trans¬ 
former. Using a thermocouple-type 
milliammeter to get an rms measurement, 

I read 49 mA at no-load and 42 mA at 
full load. Using a scope revealed a more 
distorted primary current waveform at 
no-load which confirms that core losses 
are high with miniature transformers. 

Next I measured the resistances of the 
windings. The 12-volt unit had a primary 
resistance of 270 ohms and a secondary 
resistance of 8 ohms. The 6.3-volt unit 
had 420- and 3-ohm windings. These 
readings are many times higher than the 
corresponding resistance for physically 
larger transformers of higher current rat¬ 
ings and partially account for the low 
regulation factor. In conclusion, when 
using miniature filament transformers 
you must expect higher-than-normal volt¬ 
ages when less-than-rated secondary 
currents are being drawn. 

ham radio 
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for fm receivers 
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Next to attaining the impossible is build¬ 
ing a squelch-audio circuit that really 
works. Even more unlikely is locating a 
squelch circuit which will function well in 
a variety of different fm receivers. The 
circuit described here achieves the next to 
impossible with readily available compo¬ 
nents. 

circuit 

The audio amplifier is a conventional, 
run-of-the-mill 1C amplifier. Others may 
work just as well. Audio from the fm 
detector output is connected to the audio 
gain control through shielded audio line, 
properly filtered and amplified to drive a 
loudspeaker. A second, similar arrange¬ 
ment connects the detector output to the 
squelch sensitivity control — the signal is 
then filtered by a simple RC circuit, 
amplified by Q1 and rectified. Only noise 
above the audio portion of the signal 
spectrum is affected by this processing. 
Under no-signal conditions negative bias 
is maximum and Q2 is turned off at a 
threshold level determined by the sensi¬ 
tivity control setting. Transistor Q2 then 
begins a logic toggling action through U1, 
a 7400 1C. A low on pin 8 of U1 clamps 
off a portion of U2, thus quieting the 
speaker. A signal carrier reverses this 
process, passing audio uninhibited 
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through U2 to the speaker. The toggle 
effect caused by the SN7400 1C provides 
an extremely sharply defined threshold. 

The only limiting factor with this 
squelch-audio amplifier is the no-signal, 
noise output voltage from the fm 
detector which should be at least 0.75 
volt ac as read on a sensitive voltmeter. 
Eliminating no-signal noise is one of the 
requirements of a good squelch system; 


replacing the SN7400 with a conventional 
Darlington transistor pair makes much 
lower clamping currents possible. 

results 

This squelch system compares favor¬ 
ably to the best of commercial circuits, 
and is readily adaptable to a multitude of 
fm receivers, unlike many commercial 
circuits. The circuit has served flawlessly 



fig. 1. Schematic diagram for the versatile squelch-audio amplifier system. Diode CR1 may be 
eliminated if the B+ line is not keyed between transmit and receive. The 1 50-pF capacitor marked 
with an asterisk may be replaced with a smaller value, if necessary, for increased voice rejection. 


the other is making it possible for very 
weak signals to pass. This circuit responds 
to the weakest of signals. 

This squelch circuit performs well with 
supply voltages from 12- to about 14- 
volts dc. Squelch sensitivity is affected 
slightly by the varying power supply 
voltages inherent with mobile operation, 
but is well within acceptable limits. 
Current drain is on the order of 35 mA 
although lower values are possible 
through experimentation. For instance, 


for two years as the replacement for an 
entire T-33 Motorola Dispatcher audio 
squelch system at a considerable reduc¬ 
tion in current drain. Plenty of audio 
output is available and two hours of 
perforated-board construction is about all 
it takes to assembly the circuitry. The 
original was built on a 3x3-inch 
(76x76-mm) board and mounted inside 
the receiver. Nominal cost of the unit is 
about $5.00 

ham radio 
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the Heathkit 
HO-IO and SB-610 
as an RTTY 
monitor scope 

Any RTTY enthusiast who has tried to 
use either the HO-IO or SB-610 with the 
ST-series of terminal units has been quite 
disappointed. Both of these scopes offer 
too little gain for a good display with the 
one-megohm isolation resistors in the Til 
discriminator. These resistors prevent 
external cables (and scope) from loading 
the discriminator and also provide some 
filtering to clean up the display. 

One solution that has been used is to 
build a pair of amplifiers into the TU. 
This is a good solution and is relatively 
simple. However, I have three TUs and 
only one scope devoted to RTTY moni¬ 
toring. The obvious answer is to include 



fig. 1. Amplifier for RTTY display uses com¬ 
ponents included in two-tone test oscillator. All 
numbered components are original Heath 
designations. Tube Is a 6J11 dual pentode. 
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tebook 

the amplifiers in the scope rather than the 
TU. The scope, however, does not have 
the voltages necessary for a solid-state 
amplifier nor the room for an additional 
tube. There is a tube in the unit (both 
HO-IO and SB-610) which is never used 
at this station and is probably seldom 
used elsewhere. The two-tone generator 
uses a 6J11, dual pentode, to generate the 
tones. It is possible to use this oscillator 
stage as an amplifier with a minimum of 
additional parts and expense. The display 
is nearly as good as that provided by my 
lab scope. 

One of the objectives of this modifica¬ 
tion was to minimize the changes to the 
unit. Wherever possible the original com¬ 
ponents have been retained. The plate 
networks were removed as were all com¬ 
ponents wired to the grid and cathode of 
each of the two tube sections. The 
potentiometers which were used to set 
the tone levels are used to set the cathode 
bias. The only components added were 
four resistors (grid) and four capacitors 
(cathode bypass and plate coupling). The 
original wiring of the tone oscillator 
switch remains as a method of disabling 
the RTTY display when observing the 
transmitter. The single-tone position with 
horizontal sweep turned on gives some¬ 
what of a time display at no additional 
cost. 

Fig. 1 shows the circuit as it would 
appear in the HO-IO. Numbered com¬ 
ponents are original components. Com¬ 
ponent numbering and values will differ 
somewhat in the SB-610, but the circuits 
are similar. Save the few parts removed 
and it will be possible to return the unit 
to its original condition with a few 
minutes of your time and no expense. 

Robert Clark, K9HVW 




adding carriage return 
to the automatic 
line-feed generator 

The automatic line-feed generator fea¬ 
tured in the January, 1973, issue of ham 
radio can be modified to provide the 


requirement that the printer be modified 
with a non-overline kit. It has the advan¬ 
tage that it can be used with model 15s, 
19s, Mites, Kleinschmidts and other print¬ 
ers provided that a suitable mechanical 
mounting can be devised for the micro¬ 
switch and that the interfacing of the 



fig. 2. Simple fnodification for adding carriage return to the automatic line-feed generator. 


carriage return signal in addition to the 
line-feed character. As the article ex¬ 
plains, the digital device is actuated by a 
microswitch mounted in the printer so 
that it is tripped when the carriage ap¬ 
proaches the end of a line. The logic then 
generates the electrical signals for carriage 
return and line-feed which are inserted in 
the printer loop, actuate the mechanism, 
and the printer then returns to normal 
print. The prevents overstrikes at the 
right margin. 

The carriage return modification does 
not add to the cost and eliminates the 


logic board can be made with existing 
equipment in the station. This is provided 
for in the TTL autostart unit described in 
the June, 1973, issue of ham radio. 

The modification envolves substituting 
a 7493 and a 74154 for the 7490 and 
7442 in the original unit, as shown in fig. 
2. A plated epoxy board is available for 
$7.00 postpaid in the USA.* 

Bert Kelley, K4EEU 

*Order from the author, Bert Kelley, K4EEU, 
2307 South Clark Avenue, Tampa, Florida 
33609. 
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speech clipping 

Dear HR: 

I would like to make the following 
comments in response to W6VFR's letter 
in the August, 1973 , issue of ham radio. 
If the i-f response of a receiver is mea¬ 
sured with the age system operating, any 
peaks will appear to be flattened out, but 
this, unfortunately, does not make it 
sound any better. The same applies to the 
case of clipping, which also produces the 
appearance of a flat response curve with¬ 
out altering the relative strength of the 
various components of the signal present 
at any given moment. 

The apparent reduction of passband 
ripple, when the response is measured in 
the usual way, is therefore of no rele¬ 
vance. The passband ripple of all filters, 
at both the transmitting and receiving 
ends of the circuit, are fully additive in 
their effects. 

Choice of filter bandwidth is a matter 
for compromise which, in the case of 
standard filters, embodies a lot of practi¬ 
cal experience. What is optimum for a 
single filter must necessarily be non¬ 
optimum for a filter to be used in 
cascade, although results may still be 
acceptable. To establish that there is "no 
degradation," however, would require 
carefully controlled tests covering a wide 
range of conditions. 

It seems important to me that the 
possibility of using standard filters should 
not divert attention from the need for 


filters designed for the job, with the 
object of producing optimum perform¬ 
ance at minimum cost. I feel that interest 
in rf clipping has now reached the point 
where the excuse of insufficient demand 
no longer applies. 

Les Moxon, G6XN 
Petersfield, England 

Dear HR: 

I can never understand why so many 
amateurs knock themselves out designing 
speech processors, clippers, etc. They 
really don't make that much difference 
on the air (I speak from experience). All 
they do is increase background noise and 
generally cause added and unnecessary 
confusion. 

When I was using a National 
NCX1000, which had a pretty good rf 
speech processor, I ran many on-the-air 
tests. I called DX stations in pile-ups with 
and without the speech processor en¬ 
abled, and I'm here to tell you that the 
speech processor didn't add one damn 
iota to the score of stations contacted. 

I think speech processors are gadgets 
for guys who are bored and like to fool 
around with something new. When it 
comes down to the nitty gritty, the signal 
that is clean, loud, and in the clear is the 
one that gets results. A speech processor 
just eats up extra power. Maybe the 
speech processor gives the operator a 
psychological lift, and that's probably 
okay. 

Anyway, the main thing in working 
hard-to-get stations is a matter of good 
operating practice, and all the electronic 
gadgets in the world aren't going to help 
the idiot-type operator who doesn't have 
chutzpah! 

Alf Wilson, W6NIF 
Encinitas, California 
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mexican repeater 

Dear HR: 

I would like to advise your readers of 
our new two-meter fm repeater in opera¬ 
tion in the Mexico City area. The repeater 
has been in operation since last August 
and is the first fully automatic amateur 
repeater in Mexico. The repeater is spon¬ 
sored by our club, "Asociacion VHF de la 
Ciudad de Mexico" (Mexico City VHF 
Association) and is maintained by dues of 
our members. The call is XE1VHF and 
frequency is 16/76. Although the 
repeater is for use by club members, all 
visitors are welcome. We are also planning 
a second two-meter repeater as well as a 
450-MHz uhf repeater using the call 
XE1UHF. 

Although there is no formal reciproc¬ 
ity agreement between the United States 
and Mexico, visiting amateurs can contact 
me at my home address below and 
perhaps a temporary permit can be 
arranged. In any event, bring a small rig 
or a walkie-talkie as a way can 
undoubtedly be found for a visitor to use 
the repeater. 

Robert N. Green, XE1WS/W2GFO 

Palmas 1460 
Mexico City 10, Mexico 
Telephone: 520-79-93 

voltage regulators 

Dear HR: 

The popularity of the three-terminal 
voltage regulators (including the Fairchild 
7800 series, the Motorola MC7800 series 
and the National Semiconductor LM 
340-T series) has been increasing very 
rapidly as indicated in several recent ham 
radio and QST articles. This popularity 
manifests itself not only in the difficulty 
in obtaining these devices because of the 
heavy industrial demand, but also in these 
circuits having "unexplained" failures. 

In the majority of these failures, the 
problem can be traced to the lack of 
non-inductive capacitors being placed at 
the device's input and output treminals. 
Because some of the integrated transistors 
have a f x of several hundred megahertz, 
the failure mode is that the regulator 


breaks into a high-frequency oscillation, 
resulting in overheating and ultimate de¬ 
vice destruction in a matter of seconds. 

The part that can cause great conster¬ 
nation for the constructor is that the unit 
will perform perfectly for hours, days or 
weeks before the fatal chain of events is 
initiated. The use of 0.1-/UF ceramic-disc 
capacitors at the input and output pins of 
the 1C is sufficient to stabilize the system. 

While the loss of one or two of these 
regulator chips is not in itself expensive, 
the resulting destruction of a whole pro¬ 
ject's complement of TTL or other ICs as 
a result of being subjected to voltage 
transients is down right disconcerting! 
The price of a couple of ceramic discs is 
indeed inexpensive insurance. 

John Perhay, WA0DGW 
Savage, Minnesota 

aluminum antenna 
resistance 

Dear HR: 

I have been on vhf in the Chicago area 
since 1950, and find that dc antenna 
resistance is often totally disregarded— 
cutting signals as much as 50%. I use 
300-ohm feedline to 50-, 144- and 

220-MHz antennas and can check the dc 
resistance of line and folded dipole from 
the shack. It should be only a few ohms. 
After a windstorm this resistance may 
actually be more than a thousand ohms 
due to loss at joints where aluminum is 
used. 

Aluminum power lines used by public- 
service companies have a special zu- 
zats put into these joints to avoid high 
resistance. This zu-zats should be used on 
all antenna joints where one or both sides 
are aluminum. If you use 300-ohm feed¬ 
line and a folded dipole, test the dc 
resistance. It can be reduced by flashing 
through—use about 100 volts dc from a 
small transformer and diode with a 10-/iF 
capacitor in parallel. Flash through the 
feedline several times. This procedure 
apparently welds the joints together and, 
at times, has increased the output signal 
by as much as 50%. 

Ben Hall, W90VL 
Hammond, Indiana 
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Drake R4 

frequency synthesizer 

Dear HR: 

Ever since I completed the design of the 
frequency synthesizer for the Drake R-4 
receiver (ham radio, August, 1972, page 6), 
I have been looking for a means by which 
the spurious 10-kHz sidebands might be 
reduced. 

Over the past two years a great deal of 
additional literature has been published 
covering phase-locked loops, and that 
which has come to my attention has been 
read with considerable interest. Despite 
all of this information, there appear to be 
only two basic methods of reducing the 
sidebands: raise the reference frequency 
or improve the loop filter (or both). 

After reviewing the options, I came to 
the conclusion that raising the reference 
frequency would reduce the overall com¬ 
plexity of the synthesizer, at some 
increase in cost, while an improved loop 
filter was cheaper but more complicated. 

I therefore chose the simpler but slightly 
more expensive approach. A redesigned 
unit has been constructed and is now in 
use. The spurious sidebands are now 
displaced 100 kHz either side of the 
desired frequency, and are attenuated to 
an extent which makes them virtually 
inaudible. 

Because of the many letters I have 
received indicating interest in this synthe¬ 
sizer, I will make available a set of 
schematics and brief supplementary notes 
to anyone submitting a self-addressed, 
stamped No. 10 envelope (4-1/8 x 9-1/2 
inches) and $0.50 to cover the reproduc¬ 
tion costs. 

Robert S. Stein, W6NBI 
1849 Middleton Avenue 
Los Altos, California 94022 

windom antenna 

Dear HR: 

I noted W4VUO's article in the Janu¬ 
ary, 1974, issue on the four-band, high 
frequency Windom antenna with consid¬ 
erable interest since I have used that 
antenna more than any other since Win- 
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dom first wrote about it. I have used it 
with great satisfaction on all bands from 
10 to 80 meters, inclusive, except the 
15-meter band. 

My present antenna, used some ten 
years, is cut a bit longer than indicated by 
W4VUO's mathematics, 135 feet, 5 
inches (41.28 meters) with the feeder 
attached 19 feet (5.8 meters) from the 
center. I do not fault the author's 
mathematics—I derived my length by 
cut-and-try, and have found the length 
anything but critical. In fact, in one 
location I had to drop the ends of the 
same wire eight feet (2.4 meters) due to 
the short space available. I noted no loss 
of efficiency in so doing. 

However, the author got out of the 
band entirely when he called a two-wire 
feeder, off-center-fed Hertz a Windom. 
The Windom is only a single-wire fed 
antenna, and reference to the ARRL 
Antenna Book (9th Edition, 1960, 
bottom of page 191), confirms that state¬ 
ment. It calls the twin-lead, off-center-fed 
antenna a "miscalled Windom." It further 
states, "... and probably in many cases 
the line acts more like a single-wire feeder 
than a parallel conductor one." I would 
expect it to be a splendid antenna, too, 
possibly as good as the single-wire fed 
version. 

John E. Waters, DDS, W6EC 
Hemet, California 

rf clipper 

Dear HR: 

In all fairness to potential users of the 
rf clipper for the Yaesu FT-101, Mark 2, 
described in the new products section of 
the July issue, I should point out that the 
unit does not work without any modifica¬ 
tions to the FT-101. Although no modi¬ 
fications are required to any of the circuit 
boards, the unit does require that a few 
leads be re-routed via the spare pins on 
the vfo socket. The modifications can, 
however, be done in such a way that they 
are easily reversible, so users do not harm 
the resale value of their equipment. 

Harry Leeming, G3LLL 
Holdings, Ltd. 

Blackburn, England 



new IC-21A from icom 



ICOM's great IC-21 base station is now 
even greater. Now the IC-21 A features 
front-panel control of power level, RIT, 
plus rf in/out and vswr metering, a 
discriminator zero-center meter and built 
in 117 Vac and 12 Vdc supplies. All this 
in a compact (111 mm H x 230 mm W x 
260mm D) 24-channel (22 channel plus 
two priority) base-station radio including 
provision for the forthcoming digital vfo. 

IC-21 A price class $450. Available 
September, 1974. 

antech introduces 
wide-spaced element 
20-meter beam 

The Antech 20-4 features the same 
rugged construction and maximum per¬ 
formance offered by the Antech 20-3, 
and is offered at a special introductory 
price of $139.95 during September in¬ 
stead of the regular $149.95. The new 
Antech 20-4 offers 10-dB forward gain, 
20-dB front-to-back radio and flat vswr 
across the 20-meter band. To order the 
Antech 20-4 or to obtain complete an¬ 
tenna line specifications and prices, write 
Antech Labs, 8144 Big Bend, St. Louis, 
Missouri 63119. Bank Americard or Master 
Charge accepted. 
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Hy-Gain 18AVT/WB 
vertical antenna gives 
true wide-band 
performance 

For omnidirectional performance and 
80-meter capability, the Hy-Gain 
18AVT/WB is unrivaled. Wide-band 
coverage, superior construction, brilliant 
performance and reasonable price make 
this 80-10 meter vertical a top buy. 
Automatic switching and true 1/4-wave 
resonance on all 5 bands. Three traps 
with large coils for exceptional L/C ratio, 
high Q. Extremely low radiation angle. 
1 kW CW, 2 kW PEP. 52 ohms. No. 386. 

Hy-Gain Electronics Corporation, 
8601 Northeast Highway Six, Lincoln, 
Nebraska 68507. 

TPL repeater amplifiers 



All TPL amplifiers can be ordered in a 
repeater configuration, designed to 
mount in a standard 19" (48.25 cm) rack, 
and is S'/t” (14cm) high. The amplifier is 
rf shielded and is equipped with BNC 
input and type-N output connectors. It 
may be ordered with or without power 
supply and carrier operated forced-air 
cooling. The extruded rack mounting 
panel must be specified when ordering, as 
it cannot be retrofitted to an existing 
TPL mobile amplifier. TPL Communica¬ 
tions, Inc., 13125 Yukon Avenue, Haw¬ 
thorne, California 90250. 


More Details? CHECK-OFF Page 126 










new bidirectional watt¬ 
meter from dycomm 



The model 34 bidirectional wattmeter 
reads both forward and reflected rf 
power. It can be left in the line for 
continuous monitoring and does not re¬ 
quire calibration with varying power 
levels. The taut-band meter movement 
provides ±3 percent accuracy over four 
power ranges: 0-10, 0-50, 0-100 and 
0-500 W. Bandwidth, defined as the 
frequency range over which ±3 dB accu¬ 
racy is maintained, is ±15 percent of center 
frequency. Any center frequency can be 
specified from 30 MHz to 470 MHz. 
Price, $59.95. 

ESE moves to 
larger quarters 

ESE, manufacturer of digital clocks, 
timers, frequency counters and multi¬ 
meters, is moving to larger quarters in 
September. Look for ESE at 505 1/2 N. 
Centinela Avenue, Inglewood, California 
90302. The move is brought on, in part, 
by the enthusiastic response of hams to 
their digital kits. 

The ES 220 and ES 221 are 40-MHz 
frequency counters; the ES 112 is a 
12-hour clock, and the ES 124 is a 
24-hour clock; the ES 210 is a 5-range 
multimeter. All are in stock, ready to 
ship. 

ESE has introduced a special offer, 
consisting of a printed-circuit board and 
six 0.6" displays, along with instructions, 
so that the ham who has a drawer-full of 
ICs can build a 6-digit clock for much less 
than the $46.95 ESE charges for a 
complete clock kit. 


swan's world of 
amateur radio 

"The World of Amateur Radio" is a 
new 20-page catalog from Swan Elec¬ 
tronics presenting the company's line of 
transceivers, linear amplifiers, fixed and 
mobile antennas and compatible acces¬ 
sories for the amateur. 

Highlighted are three transceivers: the 
Champion with 700 watts of PEP input 
on ssb; the 5-band portable Cygnet de 
novo with 300 watts PEP; and Mono¬ 
banders in a choice of 75 or 160 watts for 
mobile 40- or 80-meter operation. Other 
equipment includes completely solid- 
state, 5-band transceivers and a 2000-watt 
linear amplifier. 

Described are 2- and 6-meter trans¬ 
ceivers, a deluxe 600-watt station and 
several commercial ssb transceivers for 
two-way requirements. Finally, a line of 
fixed and mobile antennas are shown 
along with other accessories. Copies may 
be obtained from Swan Electronics, a 
subsidiary of Cubic Corporation, 305 
Airport Road, Oceanside, California 
92054. 


equipment enclosures 



The distinctive, smart looking enclo¬ 
sures used to house the Ten-Tec line of 
Amateur Radio equipment are available 
to hobbyists and home-brewers, as well as 
to other manufacturers. Forty standard 
models are available in four basic series 
and two color schemes. Give your con¬ 
struction project a professional look with 
a Ten-Tec enclosure. Available through 
your authorized dealer or directly from 
us. Write for descriptive brochure. Ten- 
Tec, Inc., Sevierville, Tennessee 37862. 
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omy STANDARD 

sells more STANDARDS 
than Erickson...and here's 

SRC-146A 
ERICKSON 
SPECIAL 

WITH 

• Charger 

• " Stubby“ antenna 

• Leather case 

• Ni-Cads 

• 94/94, 34/94 and one 
channel of your choice 

$369 List 

—50 Package Discount 

$319 Prepaid — Cashiers 

Check or M.O. 

E ERICKSON 

COMMUNICATIONS 

3501 W. Jarvis 

Skokie, III. 60076 (312) 677-2161 


LOW PRICES 

ON POPULAR COMPONENTS 

IF FILTERS 

« Monolythic crystal filters at 10.7 and 
16.9 MHz 

• Ceramic filters at 455 kHz 

SEMICONDUCTORS 

• VHF power transistors by CTC Varian 
. J and MOS FETS 

. Linear ICs — AM/FM IF, Audio PA 

• Bipolar — RF and AF popular types 

INDUCTORS 

• Molded chokes 

• Coil forms — with adjustable cores 

CAPACITORS 

• Popular variable types 

QUALITY COMPONENTS 

• No seconds or surplus 

• Name brands — fully guaranteed 

• Spec sheets on request 

GREAT PRICES 

• Price breaks at low quantities 

• Prices below large mail order houses 

WRITE FOR CATALOG 173 

Amtech, INC. 

P. O. BOX 624, MARION, IOWA 52302 
(319) 377-7927 or (319) 377-2638 





the popular Kenwood 
TS-520 



Never has a transceiver been received 
with such overwhelming enthusiasm as 
has the new Kenwood TS-520. It is a 
superbly built 5-band transceiver for ssb 
or CW operation, boasting built-in ac and 
dc power supplies, built-in vox with 
adjustable gain, delay and anti-vox, 1-kHz 
dial readout, ultra stable fet linear vfo, 
built-in noise blanker, built-in RITcircuit 
and RIT indicator light... and much 
more. $629.00 at selected Kenwood 
dealers. 

electronics bench 
manual 

The Electronics Bench Manual is a 
massive collection of data commonly 
required during the bench phases of 
electronic experimentation and construc¬ 
tion. This device-oriented document con¬ 
tains sections on electronic components 
(semiconductors, electron tubes, electro¬ 
static devices) as well as mechanical 
movements and actuators, hardware, 
finishes and housings, application dia¬ 
grams, construction techniques, bench 
layout and support facilities, and much 
more. A high-density document with 
large-page format packed at an equivalent 
of about 2000 words per page; the 
semiconductor section itself contains 
almost 100,000 words of description. 
Each section of the manual is an 
independent booklet, removable for use 
at the bench. The entire publication is 
mounted in a rugged, practical looseleaf 
binder. 432 pages, 823 illustrations, 86 
tables; priced at $17.95 (ppd/U.S.) from 
Technical Documentation (Tdoc), Box 
340, Centreville, Virginia 22020. 
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regency offers two- 
meter hand-held radio 



TPL power 
amplifiers are 
now available 
at uour 
local dealer 




Why a TPL power amplifier? 

Simply stated...you can run the signal 
from your mobile FM transceiver thru a 
TPL VHF/UHF amplifier and increase 
your signal strength (and, of course, its 
clarity) tremendously. Additionally the 
cost will be far less than that of a new 
similarly powered transceiver. 

Or you can plug your hand held unit into 
the amplifier and have the power output 
of a large mounted unit without losing 
its function as a portable unit. 

In either application the amplifier is 
safelv mounted in the trunk of vour car. 






CALL 

BOOK 



When you want 
an authoritative, 
up to date directory 
of licensed* radio 
amateurs 
it's the 
CALLBOOK 

Over 210,000 QTH's 
in the DX edition 
DX CALLBOOK for 1974 

$ 8.95 



HH call 




Over 285,000 QTH’s 
in the U.S. edition 
U.S. CALLBOOK for 1974 

$ 9.95 

See your favorite dealer or Send today to 

(Mail orders add 50? per CALLBOOK 
for postage and handling) 


SS-J* 


RADIO AMATEUR 


Bl* 


lllaookiNc 

Dept. E. 925 Sherwood Drive 
Lake Bluff, III. 60044 


dual-mode keyboard 



HAL Communications Corp. has intro¬ 
duced the DKB-2010 Dual Mode Key¬ 
board. This keyboard features both Morse 
and RTTY capability, and also incorpo¬ 
rates new features such as N-key rollover, 
3-character buffer memory, identifier 
providing one key for call letters, and two 
keys which can be programmed for any 3 
characters. Optional 64 and 128 character 
buffers, which can be loaded off line and 
released when desired, are available. Com¬ 
plete information available from HAL 
Communications Corp., Box 365H, 
Urbana, Illinois 61801. 

SPEC II synthesized 
fm transceiver 



Now you don't have to wait for full 
2-meter coverage in 10-kHz steps, (ex¬ 
tended range model also available for 
MARS, etc.) The SPEC II combines 
proven Motorola portable transceiver cir¬ 
cuitry with the quality RP synthesizer. 
Output is typically 2 watts with receiver 
sensitivity typically .25juV across the en¬ 
tire band. For full information contact 
Spectronics, Inc., 1009 Garfield, Oak 
Park, Illinois 60304. 
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compact vhf 
power amps 



Though new to amateur circles, Vibra- 
trol is well-known as a major supplier of 
commercial-service solid-state power 
amplifiers. Vibratrol's broad line of highl¬ 
and low-band amplifiers are quite com¬ 
petitive in price, and unusually compact 
due to their uniquely effective heat sink¬ 
ing. 

For high-band — 2 meters — Vibratrol 
offers six models with outputs to 150W. 
Three are low-drive models (3 W maxi¬ 
mum); the others require 10 W for rated 
output, though all will operate with only 
1 W. Vibratrol, 505 Harvester Court, 
Wheeling, Illinois 60090. (312) 541-5110. 

little giant antenna 
for use in small areas 

Stan Byquist's Little Giant antenna is 
not exactly new — he received his patent 
on it back in the 1950s and he has 
recently resurrected the design. 

In brief, the Little Giant is a highly 
compressed single-band antenna that can 
be used in situations where conventional 
antennas are out of the question. The 
largest model, for 80 meters, is only 
27-inches (68.6-cm) high and 32-inches 
(81.3-cm) wide; even smaller models are 
available for use on 40 through 10 
meters. Bandwidth is necessarily small, as 
would be expected of such a small and, 
therefore, high-Q antenna. User reports 
have been quite favorable considering 
that any drastically shortened antenna is 
bound to be a compromise in perform¬ 
ance. Amateurs with a space problem 
should contact Stan at Apollo, Vaughns- 
ville, Ohio 45893. 




MOTOROLA 

T51G or T51GGV, 40-50 MHz., 

6 or 12 volt, 50 watts, vibrator $r 
power supply, fully narrow ^ 
band, less accessories 

T53GGD, 150-170 MHz., 6/12 
volt, 50 watts, dynamotor power « 
supply, transmit narrow band, 
receive wide band, less acces¬ 
sories 


D43GGV-3100, 150-170 MHz, 

6/12 volt, 30 watts, vibrator . _ _ 
power supply, front mount with $88 
"private line" (less reeds), fully 
narrow band, with accessories 

FMTRU41V, 150-170 MHz., 6/ 

12 volt, 10 watts, vibrator pow- _ 
er supply, front mount, trans- $48 
mit narrow band, receive wide 
band, with accessories 




R.C.A. 


CMFT50, 25-54 MHz., 12 volt. 

50 watts, transistorized power QQ 
supply, partially transistorized *1 
receiver, fully narrow band with 
accessories 


CMCT30, 150-170 MHz., 12 volt, 

30 watts, transistorized power $QO 
supply, fully narrow band, com- wO 
plete with accessories 


Now! Full line ol 
G.E./T.P.L. Solid Slate 
2-way radios. 



)ORP. 
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FREE CATALOG 

CRAMMED WITH GO VT SURPLUS 
ELECTRONIC GEAR 


WRITE TODAY* 


BRAND NEW BC-B45 TRANSCEIVER 

EASILY CONVERTED FOR ****1181 

420MC OPERATION ||||| 

This equipment originally J[ 

cost over $1000. You get ififc 

all in original factory carton. Ufc* \ 

Dependable Two Way Communication more than 15 miles. 

• FREQUENCY RANGE: About 435 lo 500 Megacycles 

• TRANSMITTER has 4 tubes: WE 3I6A. 2 6F6. 7F7 

• RECEIVER has 11 lubes: 2 955. 4-7H7, 2 7E6. 3 7F7 
. RECEIVER I. F,: 40 Megacycles 

• SIZE: 10‘4" * 13*/," x 4VV' 

Makes wonderful mobile or fixed rig for 420 to 500 Me. 
Easily converted for phone or CW operation 


'SPECIAL PACKAGE OFFER” 


BC 645 Transceiver, Dynamotor and all BRAND NEW, 
accessories below, including conversion in- while stocks 
structions for Citizens Band. last. qc| 


F.0,8. NY C*ly or Ogden. UT for Savtrvgt on Freight Charge*. 

Accessories for BC-645 motor 

Mounting lor BC-645 trans- UHF Antenna assemblies (set 

ceiver of 2) 

PE-IOIC Dynamotor. 12-24 V Complete set of 11 connectors 

(easily converted to 6 volts). Control Boa BC-646 

Mounting for PE-101C Dyna- Mounting lor BC-646 ctr. bo*. 

TRANSCEIVER ONLY.$15.95 


AN/ART-13 TRANSMITTER 
Makes fine Ham transmitter for 
80, 40, 20 and 10 meters. 

Power output 100 watts on AM, 
CW, MCW. 10 preset channels, 
Complete with all tubes, crystal. 


) ALJBMMtfTtTTTITtnkl^pv -Q J 


Exec. Used. Like New |4>*tJ.jl 

Accessories Available: Prices Upon Request 

SCR-274-N, ARC-5 COMMAND SET HQ! 


Freq. 

Type 

Exc. 

Like 

BRAND 

Range 

RECEIVERS 

Complete 
with Tubes 

Used 

New 

NEW 

190*550 Kc 

BC-453 

$12.95 

$19.50 

— 

3-6 Me 

BC-454 

$16.50 

_ 

— 

1.5-3 Me 

R-25 

— 

— 

$21.50 


G&G RADIO ELECTRONICS COMPANY 

45*47 Warren St. (Dept, H-S) Now York, N.Y. 10007/212-267*4605 

TERMS: FOB. NYC 23% dejHml *ifh order. COD or rrmitUnte 

m full. MINIMUM ORDER S3 00. Subject ta prior uie and pnee tfunge. 


ascom LED vswr 
indicator ASM-104 






A product of advanced space age 
technology, the ASM-104 indicator is a 
go - no go device for marine and amateur 
radio systems. The indicator is designed 
to be left in the line at all times. When 
the transmitter is keyed, one red LED 
(light-emitting diode) lights; if an antenna 
mismatch exists the other LED will light, 
indicating that the system should be 
checked. The ASM-104 does not intro¬ 
duce any losses or mismatch to the 
system. Frequency range is 144 to 225 
MHz. Power handling capability is 25 
watts. Suggested Resale Price $19.95. 
Contact your local Antenna Specialists 
distributor or write: The Antenna 
Specialists Co., 12435 Euclid Avenue, 
Cleveland, Ohio 44106. 

visual display unit 





DIGITAL:THEORY,DESIGN , 
CONSTRUCTION 

LOGIC 

NEWSLETTER 

SAMPLE COPY $1.00 
LOGIC NEWSLETTER 
POB2S2 

WALOWICK.N.J. 07463 



6T-HR2 

6 FREQUENCY CRYSTAL DECK. REGENCY HR-2 OR HR- 
2A. IMPROVED CIRCUIT BOARD, LAYOUT AND FOIL. 

KIT $9.95 WIRED .. $13.95 

HF144U MOS FET PREAMP 

OUR FAMOUS 2-METER PRE-AMP GIVES 17dB OF AM¬ 
PLIFICATION WITH ONLY 3dB OF NOISE INSERTION. 
KIT.$11.95 WIRED. .$17-95 


Topr-to FM Cctfnmvni<oifOm and fiecUorw* 

125 Jockioo, topple KS 66603 * 233-7580 or 2343 



The HAL RVD-1002 provides a visual 
display of 5-level (Baudot) code TTY 
when driven from HAL ST-6 or other 
terminal unit. It features operation at 60, 
66, 75 and 100 wpm, selectable unshift 
on space, and 1000 character display. 
Output is standard 75-ohm TV video. Use 
as a read-only display for ham and com¬ 
mercial RTTY, or combine with the new 
DKB-2010 for a complete machine re¬ 
placement. Complete information avail¬ 
able from HAL Communications Corp., 
Box 365, Urbana, Illinois 61801. 
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gregory specializes in 
fm mobile equipment 

Gregory Electronics Corporation has 
added to its vast inventory the General- 
Electric Transistorized Progress Line used 
fm two-way mobile communication 
equipment. These TPLs are available for 
use in six- and two-meter frequency 
bands. 

Gregory Electronics is the largest dis¬ 
tributor in the world specializing in used 
fm mobile communication equipment. 

Gregory Electronics is interested in 
purchasing used late model equipment, 
manufactured by General-Electric, 
Motorola, and RCA. 

Readers of ham radio may still write 
for the current 1974 catalog. A new 1975 
catalog will be available in late fall. 
Gregory Electronics Corporation, 249 
Route 46, Saddle Brook, New Jersey 
07662. 

tri-tek — new or 
surplus components 

Tri-Tek would like to take this oppor¬ 
tunity to thank the many ham radio 
subscribers who have become our good 
friends and customers. We're happy to 
have been able to help with your past 
projects and will do our best to continue 
to offer the finest in new and surplus 
components and materials at reasonable 
prices. 

For our latest complete listing, send a 
10 i stamp to Tri-Tek, Inc., P.O. Box 
14206, Phoenix, Arizona 85063. 

switchable keyer 

A front-panel switch in Matric's Model 
10A Electronic Keyer permits both self- 
completing dots and dashes or only self- 
completing dots. The isolated output reed 
relay handles up to 100 Vdc at 20 watts, 
ideal for low-power rigs, particularly with 
an idle current of 3 mA and operating 
current of 12 mA. 

A perfect companion is the Model 11A 
Paddle with easily adjusted spacing, a 
damped lever and weighted base. 

More Details? CHECK-OFF Page 126 


IDYCOMM 
Cot A Kink 

WITH YOUR HAND-HELD? 

Here’s A Hint 



BUY A 


super £ 

l-3w in for 30 40w out. $59.95 


START A 2METER REPEATER CLUB 
WITH THE 

Echo III 



S949. INCLUDES-1.D er,TIMER. PWR SUPPLY. 
TRICKLE CHARGER, PHONE PATCH CONNEC¬ 
TIONS, EMERGENCY PWR AUTO SWITCH¬ 
ING. & SPEAKER. 

WRITE FOR INFO ON OTHER 6M, 2M. 

& 470 MHz MODELS. 

Phone in yout older on nr ||jggQg|| 

_ DYNAMIC _ 

COMMUNICATIONS 

9AB AVE/’e” P.O. BOX *10116 
RIVIERA BEACH, FLA. 33AOA 
(305) B4A’13S3 
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NEW AND DIFFERENT!! 



The all new T„oc manual for electronics 
experimenters and hobbyists- 

M o r * * i.li.in two y**ars in thi? miikimj, ^cJor fws 
<1 a t hor* *d t, wo k p r ac t; i c»t l a nd usable d a t a 
from industry, tbi‘ l.t, S. patent Office, DOD, 
N'AS A, NT IS C Na L .1o1ia 1 Toclinical Infor m. i t t o 11 
3 r* r v i e**) a nd o t h*■* rs ► J am-par k» *d v i t h all t ho 
data in**xh*d by tho }inbby *'‘ i i m**nt «*r a l th<? 

n<:11. Frftm thoory refresher I;o *ipp! i c at ions 
d i a<t r a ms # tie v s o * r* h <i r«i r t o r i s t i c *;, t a b 1 *»s a i id 
f o r mu I a s. c h a r t: s a t id <t r a phs - - bur id rod s 11 po n 
hundr»>ds of 1 1 lustrat ions. 


A High-Density Modular Document 

No w a s tic d spa t» o i • wo r d s , 3 * * pa rate serf i o ns 
a r c r«*mo v«* b 1 o t n 1 no sc -1 »■»a f fashion - - ho ok s 
within a book - - mou n ted {n a r uan cd b i tid c r , 
bi 11 ctton f ih to lso Id oili«'• r T<|or pub 1 i oa t i oris 
-- or your own notes. 

* I u s t by way of c x a mp lo, t h e section on 1 * a n d 
iioldor i i ki va*» lx> i l * *d-dow11 f rom t he pract; i r*.»s 
of t Ik * A me r t c a n Wei d ins 1 •* n e i <»t: y - - Cti mm i 11: e e 
on Sold vr i mt and Ftra/ j no j NASA * US K , so 1 df*r 
m 11 nu f tic tu re r s, the He I t T* < lephonr* S ys t»*m .t nd 
others, The section contairui everythi mt you 
neeel to know abotit solder, f luxe«*, so 1 der i mi 
tools and techniques. 

There a r e over l U 0 , 001) wo rds »*o v * • r i net the a r y 
a nd app l i oa t i on o f *m t cotiduc to r d«* v j e*»s 

d i od os, f raus is to r s , the SC R/TP I AC • d i a 1 1 a l 
and 1 i m.» a r i n t e r $ r a t * *d e i r cu its, o pi * r a t i o rial 
a mpt if i c» r s , vo 11.«»qo r e q ul.ito r s , mu n t e r 4 ; a n d 
decode r s , a nd mur h, much mo r * *» 

.Sect ion s a 1 so treat, the v a cu u ni 1.i 1 ix> a t id C R T, 
eapa r i t ors and e 1 er t. ros t a.t: irr d♦ •*v ii*es, n*htys 
arid s w i t r hes , el* »c 11 om* "»eha meal d»• v i. r es -a t id 
mt'rha n j c ■> • 1 mo voiw'iit'h »*i to f«' t y ! «nun*** s, i ;**i b l * * 
and wire, 


Update Without Annual Replacement 

No need to buy it whole nev isook ev»■*ry year 
t..o keep abreast, of information in t.he field; 
the " book w i 11 1 i n a book " ‘-i ty 1 e p*»rm i t s you 
to 11 f>date only as needed. 

There has ne vo r been a no t hi. 1 r mu mi a 1 1 i k e i t. 

T) i a t * s why we 11 nd e r t o o k 1 1 » pu t it t or? e td v»r! i 
Once you have had a chance to put the manual 
t. o u sc.*, yo u’l t start e n j o y i n a * * l e c t ton i m a s 
a hobby, wit h fe wer un finisbed proj er ts that 
Co u Id h a v* ‘ bx»*.»1 1 comp h-tr* a ha d t. here rt< *»! tx • * * n 
an inrorrna11on card 


Electronics Bench Manual 

Introductory Price: S1795! >os * p ^ i ^ 

^ i n 


Send check or money order marked 

“EBM” with your name and address 
to: 

TECHNICAL DOCUMENTATION 
BOX 340 

CENTREVILLE, VA 22020 

703-830-2535 

b VtraiiH-i residents please add 4 , sal es ? a x , i 


we’re not big . . . 

but we're thorough 



Les Cushman (W1AWZ) the man responsible! 

Besides saving hams a lot of money, 
we contribute a good full line of qual¬ 
ity amateur radio antennas designed for 
easy installation. No professional help is 
needed — just take out of the box and 
household tools will do the rest simply 
and quickly. When we develop a basic 
antenna, we follow through with a com¬ 
plete line to satisfy popular demand. 
Distributors worldwide stock Cush Craft 
Antennas. 

Thanks for your support and en¬ 
couragement. Cush Craft, 621 Hayward 
Street, Manchester, New Hampshire 
03103. 


new digital dial 

Matric's new Model 22 Digital Dial 
provides a 100-kHz readout to 100 Hz. 
Modular construction enables the use of 
an interchangeable input module to 
match the requirements of most ham 
gear. 

A crystal time base ensures 100-Hz 
accuracy while a non-blinking display 
gives five up-date readings per second. 
Two switched inputs are provided along 
with a calibrate control for set-up. 

A one-wire connection to your vfo 
buffer or output jack plus either 115 vac 
or 12 Vdc is all that is required. The 
input requires 70 mV rms to a 1 -megohm, 
20-pF circuit. 
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new concept in 
two-meter antennas 

Hy-Gain Electronics announces a new 
2-meter gain antenna for the mobile, 
fixed or marine operator. The antenna, 
Hy-Gain Model 270, is designed to over¬ 
come the difficulties of current gain 
mobile antennas. It eliminates hard tun¬ 
ing, high swr, whip-flex fade and pattern 
distortion due to irregular ground plane. 

It is optimized for the fm operator 
with less than 1.5:1 VSWR from 146 to 
148 MHz (actual 2:0 vswr bandpass is 
144 to 150 MHz). The design develops 6 
dBi gain through the use of two 5/8-wave 
sections with their own decoupling 
system. By operating the antenna inde¬ 
pendent of car body ground it can be 
factory pre-tuned. Also, the Hy-Gain 270 
has minimum pattern distortion due to 
irregular ground plane. Because it is all 
fiberglass, whip-flex fade is gone. 

Additionally, because the Hy-Gain 270 
is sealed in fiberglass, it will deliver 
outstanding performance month after 
month. No deterioration of performance 
due to corrosion of the antenna or 
feedpoint. 

The Hy-Gain 270 can be used fixed, 
mobile, marine or even as a repeater 
antenna. For fixed usage a 271 mast 
bracket is available. The Hy-Gain 270 is 
the first gain 2-meter system that can be 
used anywhere without problem. Ham 
net is $39.95 for the 270 and $4.95 for 
the 271. 

Madison 

Madison Electronics has in stock a wide 
range of antennas, towers, rotators and 
other important antenna accessories. 

They're featuring the Hy-GainTH6DXX 
6-element tribander these days and sug¬ 
gest that you call or write for a quotation. 
Madison also has Tri-Ex towers, Belden 
coax and Ham-11 rotators, all at attractive 
prices. 

Also be sure to ask for a free flyer from 
Madison Electronics Supply, Inc., 1508 
McKinney Avenue, Houston, Texas 77002 


NURMI ELECTRONIC SUPPLY 

Depart mem 11 

1727 Donna Road • West Palm Beach, Florida 33401 
PHONE - (305) 686 8553 


MallorY 


THE 'DO EVERYTHING' 

10 $2 50 


PTC 205 

EQUIVALENT TO 
HEP 170 

2Ya AMP, 1000 VOLT DIODE 

100-$20 00 


RC/I 40673' 


THE MOST POPULAR DUAL GATE PROTECTED MOS FET 

around. Good to over 400 MHZ. We got'm and you getm for 
only BACK IN STOCK 5/$6 00 


RG - 174/U 


WE WENT THROUGH 20 MILES OF fT LAST TIME! 

We are authorized Belden Distributors and new shipments have 
Come in from the factory Split a 500’ spool with a friend and 
save $$$$$ 

BELDEN NO. 8216 100 /$6 10 500'.'$22.48 

RF POWER TRANSISTORS 

Wri did it again All brand new with standard 
markings and most were manufactured this year 
A major manufacturer dropped his RF power fine 
a id we bought his inventory jm 


2N5689 

3 Watts Out 

$ 3.50 

2N6080 

4 Wans 01 

.1 5.00 

2 N 5690 

10 Watts Out 

600 

2 N6082 

25 Watts Ou 

t 10.00 

2NS691 

25 Watts Out 

1200 

2N6084 

40 Watts Ou 

i 16 00 

All are 

Silicon NPNl 

and power 

output 

ratings are 

good to 


175 MHZ Hurry! Some quantities are limited 

MINIATURE TOGGLE SWITCHES: 

6 AMP, 125 VAC 

SPOT $1.46 
DPDT $1 80 
DPD r Center Off $2 14 

DIPPED SILVER MICA CAPACITORS 

MIL SPEC: CM05, CM06, ± 5% 


Ipf 

18pf 

50pf 

150pf 

390pf 

2 

20 

51 

160 

430 

3 

22 

56 

180 

470 

4 

24 

68 

200 

500 

5 

27 

75 

220 

510 

6 

30 

82 

240 

560 

7 

33 

91 

250 

620 

8 

36 

100 

270 

680 

10 

39 

110 

300 

820 

12 

43 

120 

330 

910 

15 

47 

130 

360 

1000 



Ipf 

100pf 

$1 50 10 

ORDER IN MULTIPLES 

llOpf 

360pf 

1.80 10 

OF 10 PER VALUE 

390 pf 

620pf 

2.50 10 



680 pf 

lOOOpf 

2 80 10 


RF RELAY 

Designed to handle 200 watts to 450 
MHZ. 12 VDC end. DPDT The nicest 


RF relay wo have < 
114' cube Supei 
faction guaranteed. 


had Only about 
low VSWR Satis 


Only $4 % or 4 $17 00 

ARCO/EL MENCO TRIMMERS 


400 

$ 65 

i 421 

$ 55 

428 

$1 26 

464 

$ 69 a 

402 

55 

! 422 

55 

429 

1 26 

465 

89 

403 

67 

f 423 

64 

460 

37 

466 

.97 >N 

404 

81 

424 

80 

461 

32 

46? 

1 04 

405 

1 01 

425 

85 

462 

.52 

468 

1.20 

406 

1.04 

426 

1 01 

463 

64 

469 

1 22 

420 

58 

427 

1 12 







-WE GUARANTEE WHAT WE SELL 1 " 1 - 

Wr ship UP5 whenever possible Ciive street address Include enough for 
pu stage excess ref untied m cash Florida residents include 4% Tax 
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rive Output Price 
$ 99.95 

H 149.95 

#95 

anodized. 

IH POWER 


FM SOLID STATE 

PUNCH 

FM-AM-CW-SSB MOBILE/BASE 

2 Meter Amplifiers 


RFL 


301 


$199 95 

RFL-801 10W 100W W.95 

RFL-901 10W 150W 199.95 

All cases 2W Hx4" Wx8" D, anodized. 

All models will operate with reduced 
output from as little as one watt 
drive. Amplifiers are supplied pre¬ 
tuned for band portion in which they 
are to be used. For SSB and CW 
use, delayed dropout is available — 
add “SSB” to model number and 
$5.00 to price. Comparable models 
for 6 and 10 meters also available. 

Deafer and Distributor Inquiries solicited 


IBRATROL 


DIVISION OF 


ELECTRONICS 
GROUP INC . 


505 Harvester Court 
Wheeling, III. 60090 


312/541-5110 


larsen features trunk 
mount mobile antenna 



This Trunk Mount mobile antenna 
gives a 3-dB gain over a quarter-wave 
whip. It comes complete with mounting 
screws, stainless-steel bracket antenna 
mount, and can be secured complete with 
coax if desired. Designed for maximum 
efficiency and minimum wind drag; it will 
handle a full 150 watts with no difficulty. 
Requires no coil tuning or special mount¬ 
ing adapters. All Larsen antennas are fully 
guaranteed. Models are available for both 
2 meter and 432 MHz from Larsen 
Electronics, Inc., 11611 N.E. 50th 
Avenue, Vancouver, Washington 98665. 

new expanded stock 

This autumn the fellows at M. Wein- 
schenker will be able to supply compo¬ 
nents and service for both amateurs and 
experimenters better than ever before. 
This summer they have been working to 
improve their stock both in variety and 
depth to better give you the backup you 
want. 

Weinschenker has tried hard to keep 
up with the rapidly changing world of 
electronics, particularly by supplying 
quality U.S.-made electronics for your 
special projects. 

A check of their new Catalog number 
10 and their latest ads in ham radio will 
show many interesting items; for 
example, the wide variety and low cost of 
LED readouts in many colors to help the 
builder turn out professional looking and 
performing projects at budget prices. 

Each month be sure not to miss the 
Weinschenker ad in ham radio. 
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electro-monitor 
fm receivers 
feature unique simo 




m < m 

■ I Jfy % 




"Get In On The Action" best describes 
the new Electro-Monitor FM monitor 
receivers featuring "SIMO," the only 
multiple frequency simultaneous fm 
receivers on the market today. It moni¬ 
tors any two fm frequencies, high or low, 
at the same time enabling you to hear 
two public service transmissions simulta¬ 
neously — or both sides of a duplex 
communication. 

Electro-Monitor receivers come com¬ 
plete with crystals and receive low band, 
high band or uhf frequencies. Additional 
information from Electrosonics, 34 E. 
Logan Street, Philadelphia, Pennsylvania 
19144. 


40 MHz DIGITAL FREQUENCY COUNTER: 

►Will not be damaged by high power transmission levels. 
► Simple, 1 cable connection to transmitter's output. 



ES 220K - Line frequency time base. 

1 KHz resolution ... 5 digit: $79.50. Case extra: S10.00 
ES 22IK - Crystal time base. 

100 Hz resolution . 6 digit: $109.50 Case extra: S10.00 

DIGITAL CLOCK: 


BC electronics — 
a history of serving 
the amateur 

Ben Cohn of BC Electronics was one 
of the few early dealers in military 
surplus to cater to hams. Ben started in 
business as Quad Electrical Supply in a 
large, cheap, loft space on the northwest 
side of Chicago. In the early 1950s a 
move was made to South Michigan 
Avenue to create a surplus electronics 
center. Today, BC Electronics, 1249 
Rosedale Avenue, is the last surplus 
dealer in Chicago catering to hams and 
one of the few remaining original surplus 
dealers still serving amateurs. 


ES 112K/124K • 12 hour or 24 hour clock: S46.95. 

Case extra. • Metal $7.50 

CRYSTAL TIME BASE: 

ES 201K - Opt. addition to ES 112K, 124K or 500K 
Mounts on board. Accurate to .002% .... S25.00 

I.D. REMINDER: 

ES 200K- Reminds operator that 9 minutes and 45seconds 
have passed. Mounts on ES 112 or 124 board. Silent LEO 
flash. S10.95. Optional audio alarm $4 extra. 

Dependable solid state components and circuitry. Easy reading, 

7 segment display tubes with clear, bright numerals. These products 
operate from 117 VAC. 60 cycles. No moving parts. Quiet, trouble Iree 
printed circuit. 

Each kit contains complete parts list with all parts, schematic illustrations 
and easy to follow, step by step instructions. No special tools required. 


ORDER YOURS TODAY: 

Use your Mastercharge or 
Bankamericard 
Money Back Guarantee 


10418 La Cienega • Inglewood, Ca. 00304 • (213) 674-3021 


More Details? CHECK-OFF Page 126 


September 1974 GB 87 










DEL WEBB’S HOTEL 

fAUARA 

LAS VEGAS, NEVADA 

J 

SPECIAL AIRFARES 
via United Airlines round trip 
to LAS VEGAS, NV 
from selected cities with 
SAROC Advance Registration, 

Dinner Show, and Hotel Room 


for 3 nights. 


Baltimore, Md. or 

Washington, D. C. 

$330.00* 

Boston, MA 

$361.00* 

Chicago, IL 

$271.00* 

Cleveland, OH 

$303.00* 

Columbus, OH 

$298.00* 

Dayton, OH 

$292.00* 

Toledo, OH 

$294.00* 

Youngstown, OH 

$307.00* 

Detroit or Flint, Ml 

$297.00* 

Lansing, Ml 

$290.00* 

Hartford, CT 

$352.00* 

Milwaukee, Wl 

$271.00* 

Buffalo, NY 

$322.00* 

New York City, NY or 
Newark, NJ 

$346.00* 

Rochester, NY 

$325.00* 

Philadelphia, PA 

$340.00* 

Pittsburgh, PA 

$315.00* 

Kansas City, MO 

$233.00* 

Richmond, VA 

$340.00* 

Toronto, Canada 

$309.00* 


*The amounts quoted are per per¬ 
son for coach class service, double 
occupancy In hotel room; if single 
occupancy is desired add $25,00 
additional to fare. Additional air¬ 
line fee of $15.00 will be charged 
for return on Sunday. All fares are 
subject to Civil Aeronautics Board 

regulations and tariffs in effect at 
time of travel. 

Depart from any one of the listed 
cities with advance reservations on 
Thursday, January 2, 1975, on flight 
of your choice and return within 

30 days. 

Send for complete details from 

SAROC, P. O. Box 945, Boulder 

City, Nevada on Las Vegas SAFARI 
brochure by Del Webb World Travel 
Company. 
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"n SAROC returns to the 
' hotel Sahara 



DEL WEBB’S HOTEL 

samara 

LAS VEGAS, NEVADA 

V___ J 

It's been a decade since SAROC and 
Hotel Sahara got together to organize the 
first ham gathering. In those ten years, 
SAROC has blossomed from 250 regis¬ 
trants to a record of nearly 1500. 

At the same time. Hotel Sahara's 
grown too! One thing, however, hasn't 
changed, and that's the personal service 
and attention you'll receive from our 
staff. 

We're proud to have SAROC back at 
the Sahara and we intend to show you a 
good time. 

antenna mart offers 
many product lines 

The Antenna Mart, owned and opera¬ 
ted by George McKercher, W0MLY, has 
been located in Pippey, Iowa for eleven 
years and has over 6,000 square feet of 
floor space. Products manufactured in¬ 
clude the RX1 heavy duty rotator, SW5 
remote coax switch and the MX1A plug¬ 
in mixer for Collins receivers. Distributor 
for HyGain, Newtronics, Mosley, KLM, 
Wilson Antennas, CDR Rotators, Rohn, 
Heights and Tri-Ex Towers. Specializes in 
parts, government electronic surplus and 
custom work. Antenna Mart, Box 7, 
Rippey, Iowa 50235. 
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electronics center, inc. 
dallas, texas 

i 



BATTERY BOX 

High quality American made* 
Aluminum battery box. All 
terminals insulated. Made to 
hold 2 "C" cells. 

50c each ppd. 


High quality 3" Square Frame PM Speaker, 4 
ohm Impedance $1.25 ea. ppd. 



You ought to be part of our monthly 
sidewalk sale, held on the first Saturday 
of each month. Electronics Center institu¬ 
tionalized this event that brings more 
than 400 hams and traders to the center 
of ham activity for the Southwest. 

The staff and facilities are operated by 
Walt, W5ZYA, Al. W5PXH, Larry, 
WA5BEN, John, K5HIH, Pete, WB5IGL, 
and Danny, WB5DNT. Come see us and 
all of the popular hf, vhf and uhf gear at 
2929 N. Haskell, Dallas, Texas 75204. 

ye olde ham spirit 

Whether you are local, from another 
part of the USA or anywhere in the 
world, feel free to hang your hat at Barry 
Electronics, 512 Broadway in New York 
City. All hams are welcome whenever 
they're in the big city and an extra special 
greeting awaits any overseas amateur 
when he is visiting. Come on in, look 
around and talk, you’ll find a warm 
reception from Barry, W2LNI, and his 
trained courteous staff. 

Barry has a very unique collection of 
miscellaneous ham gear that you will not 
usually find elsewhere. Heavily stocked 
on tubes, especially Eimac, Barry also has 
miscellaneous parts for anything. He 
stocks Millen, Barker & Williamson, and 
two-meter fm transceivers including the 
IC-230 and Clegg FM 27B. 

Be sure to make Barry's part of your 
next visit to New York. 


UNUSED PRINTED CIRCUIT 
BOARD ASSEMBLY. Manufac- : *„ 
turers overrun. His loss your v 
gain. 

Consists of: 5-*4Watt resistors, 3-Silicon 
Diodes, 2 - Transistors Epoxy, 2 - 1000 Mfd @ 
16 Volt Caps, 1 - DPDT 12 Volt Guardian Relay, 
1 - SPDT High Current Relay. 

Price: $3.25 ea. ppd. 



NEW NEW NEW 

GNAT'S EYE LED PILOT 
LITE. Miniature Led Bulb. 
Diameter is only .100 inch. 
Your choice of RED, YEL¬ 
LOW, GREEN. Price is a 
low 3 for $1.00 ppd. 




Use Standard 7447 Decoder- 
driver. Seven Segment Read¬ 
outs. All tested and guaran¬ 
teed. Specs included. Fit stan¬ 
dard 14 pin DIP socket. Full 
.335 inch high. Color, RED 
Less Decimal $2.00 ppd. 

With Decimal $2.25 ppd. 

With Colon $2.50 ppd. 

Same unit only contains nu¬ 
meral 1 and plus and minus 
sign. $2.25 ppd. 


JUST ARRIVED — Transformer, 115 VAC pri¬ 
mary, 18 volt, 5 amp ccs or 7 amp inter¬ 
mittent duty secondary $6.00 ea. ppd. 


Transformer — American Made — Fully shield¬ 
ed. 115 V Primary. Sec. — 24-0-24 @ 1 amp 
with tap at 6.3 volt for pilot light. 

Price — A low $2.90 each ppd. 


400 Volt PIV at 25 Amp. Bridge $ ^ # 

Rectifier. | H '] 

$4.00 ea. or 3 for $10.00 ppd. ^ J 


NEW NEW NEW NEW 


Factory New Semtech Bridge 
Rectifiers 

ALL 10 AMPS 

50 Volt PIV $1.75 ea. 

100 Volt PIV $2.00 ea. 

200 Volt PIV $2.25 ea. 

400 Volt PIV $2.50 ea. 

All Postpaid USA 




NEW NEW NEW 

3/16 inch Dia. LED Lites 
Red $.25 ea. ppd. 

Green $.40 ea. ppd. 

Yellow $.40 ea. ppd. 

Super BI-LED — Lites red 
with polarity one way and 
green when you reverse the 
polarity. Neat for many 
things. 

Price is a Low $.75 ea. ppd. 


SEND STAMP FOR BARGAIN LIST 
Pa. residents add 6% State sales tax 
ALL ITEMS PPD. USA 



Add $1.00 postage for Canadian orders. 

m. wein/chenker 


> K3DPJ BOX 353-IRWIN, PA. 15642 
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IT'S FEATHER TOUCH 

WILL AMAZE YOU! 

a 1 


PADDLE MODEL 11A 

■ Adjustable Travel 

■ Damped Paddle Lever 

■ Weighted Base, Rubber Feet 

MODEL HAW-ASSEMBLED $11.95 
MODEL 11AK-KIT.$8.95 

BUG OR KEYER FROM THIS 

ELECTRONIC 
KEYER "ST 

■ Reed Relay Output 

■ Fixed Spacing 

■ 10-45 RPM 

■ Idle Current-3MA 

■ Battery PWR Internal ■ External PWR Jack 

MODEL 10AWA—KEYER 

WITH SIDETONE ASSEMBLED .$39.95 

MODEL 10AW—ASSEMBLED.$29.95 

MODEL 10AK-KIT.$23.95 

200-2K PC BOARD KIT.$14.95 

OPTIONAL: 200-3K PC BOARD SIDETONE KIT- $5.95 
WITH 2" SPEAKER. 500 Hi TONE, IDLE CURRENT-2MA. 

ORDER DIRECT OR WRITE FOR BROCHURE 
AND NAME OF NEAREST DEALER 
PHONE: 814 432-3647 
BOX 158-A • FRANKLIN, PA. 16323 



| unucn uint\ 

I Aasj# 


USED TEST EQUIPMENT 

All checked and operating unless otherwise 
noted. FOB Monroe. Money back (less shipping) 
if not satisfied. 

Boonton 190A Omtr 20-260 MHz 05*1200 375 

Boonton 202B Sig Gen AM-FM 54-216 MHz 325 

Boonton 202D (sim. to above) 175*250 MHz 225 
HPIOOD-Freq, stand. w/scope*Acc. lppm 85 

HP185A Scope W/186B amp sampling lgHz 335 
HP202A Function Gen. .008 1200Hz 95 

HP205AG Audio Gen .02*20kHz*metered 195 

HP330B Dist anal 20 Hz*20kHz .1% 205 

HP524D-Freq Counter. Basic unit 10Hz*10MHz 185 
HP540B Trans osc. for 524 to 12.4gHz 185 

HP608D (TS510A/U) sig. gen. 10-420MHz 450 

HP610B Sig Gen .45*1.2gHz calib attn 365 

HP803A Imp Bridge 50-500MHz, 2-200 ohm 195 

Panoramic SPA-4 Spec. Anal. Bandswitching. 

10MHz-44gHz, 5 or 70MHz sweep width 985 

Polarad MSG34-Sig. Gen 4.2-1 lgHz calib attn. 

AM-FM-Pulse mod. 495 

Polarad R uwave rcvr .4-84gHz with plug-in AM, 
FM, CW, Pulse - less plug-in 225 

Polarad TSA Spec. Anal .01-44gHz with plug-in 
less plug-in 125 

Solitron 200A SCR tester-checks anode, gate 
volts,current,leakage and holding 165 

Stoddart NM10A (URM*6) RF intens mtr 10* 
250 kHz, complete with acc. 630 

Stoddart NM20A (PRM-1) RF intens mtr .15- 
25MHz, complete with acc. 655 

Stoddart NM52A-RFI mtr, .375-lgHz, w/acc. 985 

Tek RM 15*DC*15MHz GP scope 265 

Tek 181 Time mark generator 95 

Tek 190A Const. Ampl. Sig. Gen .35-50MHz 125 

Tek 565 dual beam 10MHz scope, less plug ins 625 
TS*403A-Sig. Gen. (HP616) 1.8*4gHz 385 

URM 7 RI-FI mtr. (sim. NF-105) 20*400MHz 750 

PD A V Electronics 

UimT P. 0. Box 941, Monroe, Ml 48161 

(Send SASE for complete list) 
Specializing in used test equipment 


CX-11 from signal one 



Signal One Corporation announces the 
new CX-11 completely solid-state inte¬ 
grated station, designed to be the ul¬ 
timate in desirable features and reli¬ 
ability. It uses gold-plated sockets and 
pins for easy removal of all transistors, 
integrated circuits, and circuit boards. 
New features include: five bandwidths of 
selectivity, variable notch filter, short- 
proof power supply, solid-state broadband 
final that requires no tuning, six-digit LED 
frequency counter and a new concept in 
front end design making all other com¬ 
mercial ssb equipment obsolete. 

These specifications and other features 
make the CX-11 unequaled in communi¬ 
cations technology. 

QRP rig from matric 

The new Model 50 CW Transmitter by 
Matric includes an ac power supply, 
antenna relay and full break-in keying. 

This crystal-controlled, 15-watt input 
rig will cover 160, 80 and 40 meters. It 
has plug-in toroid coils and features 
zener-regulated, chirpless keying and 
clean T-network rf output. 

Also look soon for the Model 40 CW 
Transceiver, a totally portable 2-watt 
design. 

new keyboard and 
encoder kit available 

Here is a top-quality, fully professional 
data-entry keyboard at a reasonable price. 
A 49-key system with internal ASCII 
encoder and switch debouncer. Shift and 
control keys are provided along with two 
user-defined keys. Keyboard uses all 


90 EB septem ber 1974 


More Details? CHECK-OFF Page 126 












brand new keyswitches and a modern 1C 
and diode encoder circuit. 

Output is a standard parallel ASCII 
type code that can be used with almost 
any type computer system. The circuit 
board is double sided with plated-through 
holes for quick, easy—no jumper- 
construction. Requires +5 and -12 volts 
dc for operation. Standard TTL logic 
levels at the output. 

For terminals, calculators, TV type¬ 
writers, RTTY displays, video titlers, teach¬ 
ing aids. KBD-1 Kit . . . $39.95 post¬ 
paid from Southwest Technical Products, 
219 Rhapsody St., San Antonio, Texas 
78216. 

versatile circuits ease 
system design 

Dodd Digital Design announces the 
"Series 100" line of etched-circuit cards, 
which provide the amateur with state-of- 
the-art logic circuits. Each of the 14 cards 
performs one complete function; several 
cards may be interconnected to construct 
equipment such as an automatic logging 
system, a CW/RTTY generator, a large 
memory, etc. 

The plug-in cards are of professional- 
quality construction. For a catalog, send 
50tf to Dodd Digital Design, 234 Waples 
Park, Fairfax, Virginia 22030. 

new wide band yagi 
from KLM 

KLM introduces the 140- 150- 12C 
circularly-polarized wide band Yagi. While 
primarily designed to work with the new 
OSCAR 7 super satellite, this antenna 
offers flexibility of 2-meter operation 
that is hard to match. Exceptional per¬ 
formance is offered whether the stations 
on the end are horizontal or vertically 
polarized. The antenna features 12 ele¬ 
ments on a seven-foot boom, complete 
with phasing harness, balun, and all stain¬ 
less steel hardware. Options are a circular 
6-element 432-MHz "add on" kit for the 
complete OSCAR system on one boom. 
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fectron/cs center, inc. 


STILL THE 
PERFORMANCE LEADER 

COLLINS 

KWM-2A 



Unmatched for versatility, depend¬ 
ability and mobility the Collins KWM- 
2A maintains a reputation of out¬ 
standing mobile and fixed station 
performance. 

Collins Filter type SSB Generation 
insures the cleanest signal on the 
air you will hear anywhere. 

Famous Collins PTO gives you the 
stability and accuracy that lets you 
meet anyone on schedule where- 
ever you want to be. 

An added feature of the KWM-2A is 
an additional 14 crystal positions 
which enable you to cover addi¬ 
tional frequencies outside the ama¬ 
teur bands. Now you can have a 
transceiver covering MARS Fre¬ 
quencies, press RTTY, etc. 

Let Electronic Center quote on your 
Collins needs. We carry the full line 
of Collins amateur equipment and 
would like to serve you. 

Electronic* C*nio♦ earn** eompNU# ima* ot Ham equipment aec***one* 
and antennas Writ* or call Watt WS/YAorAI W*»PXHfor your MAMneed! 

J * * l • Home c t tt>* wond» 

electronics center, me. ''r^ r ‘" “. 

I H Hatttll • DaHat TX 75204 • Ml &alu*{l«f rtl mmi* mcnin 
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uhf varactor 
multiplier triplers 


EW 

INGO 
NGER 

for Amateur FM 

Get extended range 
with this exciting new 
antenna. A one eighth 
wave phasing stub and 
three half waves in 
phase combine to con* 
centrate your signal at 
the horizon where it 
can do you the most 
good. 

6 dB Gain over % 
wave whip 

4.5 dB Gain over l / 2 
wave dipole 

ARX-2 146148 MHz 

$24.50 

ARX-450 435*450 MHz 
$24.50 

ARX-220 220*225 MHz 
$24.50 

Extend your present 
AR-2 Ringo with this 
RANGER KIT. Simple in¬ 
stallation. 

ARX-2K $9.95 


IN STOCK AT ( 

YOUR LOCAL DISTRIBUTOR 



CORPORATION 



The easy way to get on the "next” 
U.H.F. band. From 2 metres, the 
MMv432 typically delivers 14W for 20W 
drive. Similarly the MMv1296 gets you 
from 432 to 1296; 12W typical output 
for 20W drive. These wideband units 
cover 420 to 460 MHz without returning. 
No dc power supply required, just plug 
in the drive and connect the antenna. 

From Spectrum International, P.O. 
Box 1084, Concord, Massachusetts 01742. 

versatile speech 
processor 

The Model 60 Speech Processor by 
Matric increases the talk power of your 
station by increasing the average-to-peak 
power ratio of your speech. 

Featuring instantaneous attack and re¬ 
lease with a process threshold of 1.5 mV 
rms (Hi-Z) and 400 =V rms (Lo-Z) the 
Model 60 offers a frequency response of 
300-3000 Hz ±1.5 dB at a maximum 
output impedance of 2500 ohms. 

In/out switch and gain control for ease 
of operation. Matric, RD #1 Pone Lane, 
Box 185A. Franklin, Pennsylvania 16323. 

collins expands 
amateur operation 

Collins Radio is placing increased 
emphasis on amateur activities with for¬ 
mation of a new amateur radio business 
operations group. Manager of the new 
operation is Joe H. Beler, W5WY/0, with 
Collins 14 years in various management 
positions. A ham more than 30 years, he 
has an extra-class license. Formerly a 
Colonel in the Air Force, Beler was re- 
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sponsible for introducing operational hf 
ssb to the Strategic Air Command. 

Jerry Carter, WA0ZRW, a ham 11 
years, is in charge of amateur sales. His 
business phone is 319-395-4507. 

Arnold Verdow, W0LIJ, longtime Col- 
line employee and active ham, joins 
the new operation, responsible for pro¬ 
duct support. His phone is 391-395-3393. 

The amateur radio business operation 
is part of Collins' Telecommunication 
Equipment Division, Cedar Rapids, Iowa. 
Collins is a Group of Rockwell Inter¬ 
national Corporation. 

G&G offers free catalog 
of military surplus 

G&G Radio Electronics Company at 
45-47 Warren Street, New York, New 
York has served the electronics industry 
since 1920. Their free catalog describes a 
tremendous inventory of electronic sur¬ 
plus material of both WW II and Vietnam 
vintage. 

Write G&G for anything you need not 
listed in their catalog. They will do their 
best to get it for you at lowest current 
prices. Inquiries from quantity buyers are 
invited. See G&G's ad in this issue of ham 
radio. 

erickson 
communications 
serves Chicago hams 

Catering only to radio amateurs, Erick¬ 
son Communications offers over- 
the-counter service to hams in greater 
Chicago while also serving the mail-order 
field. Erickson maintains a good stock of 
vhf uhf equipment and accessories at all 
times, and since owner Jim O'Connell 
(W9JZK, ex-KR6NR) also works the low 
bands, Erickson covers that market as 
well, 

Erickson services and installs all lines 
they handle. Erickson is convenient to 
Eden's Expressway in north suburban 
Skokie. Erickson Communications, 3501 
West Jarvis, Skokie, Illinois 60076. (312) 
677-2161. 
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YOUR HOUSE 


wifh a . . . 

CUSH CRAFT 

MONOBEAM 

The caption may be slightly exaggerated, but we all 
know that the only way to get real performance is with 
a full size single band beam. 

Cush Craft Monobeams combine superior electrical and 
mechanical features with the best quality materials and 
workmanship. They give reliable day to day amateur 
communications and that extra DX punch when needed 
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digitoL dirL fVlODEL 22 


Interchangeable input module to 
match your present or next rig. 

AVAILABLE FOR .VFO'S IN: 

Swan • Kenwood • Collins 
Heathkit • Hallicrafter 
Galaxy • Drake —others. 

MODEL 22K (KIT).$135.95 

MODEL 22W (WIRED).$169.95 

ORDER DIRECT OR WRITE FOR BROCHURE 
AND NAME OF NEAREST DEALER. 

PHONE: 814 432-3647 

BOX 158-A • FRANKLIN, PA. 16323 


Model PD301 is a 300-MHz prescaler 
designed to extend the range of your 
counter 10 times. This prescaler has a 
built-in preamp with a sensitivity of 
better than 50 mV at 150 MHz, 100 mV 
at 260 MHz and 175 mV at 300 MHz. 

The prescaler is available with or with¬ 
out a self-contained power supply. The 
PD301 has been successfully tested with 
many popular counters. The PD301 is 
available from K-Enterprises, 1401 North 
Tucker, Shawnee, Oklahoma 74801. 

signal management 
sciences superfilter 


For 

FREQ. 

STABILITY 


Hp \\ Depend on JAN Crystals. 

y v Our large stock of quartz 

crystal materials and components assures Fast 
Delivery from us. 

CRYSTAL SPECIALS 

2-METER FM for most Transceivers ea. $3.75 
144-148 MHz — .0025 Tol. 

Frequency Standards 

100 KHz (HC 13/U) 4.50 

1000 KHz (HC 6/U) 4.50 

Almost all CB Sets, Tr. or Rec. 2.50 

(CB Synthesizer Crystal on request) 

Any Amateur Band in FT-243 1,50 

(80-meter, $3.00 -160-meler not avail) 4 5.00 

For 1st class mail, add 20c per crystal. For 
Airmail, add 25c. Send check or money order. 
^ No dealers, please. 



Division of Bob Whan 
& Son Electronics, Inc. 
2400 Crystal Drive 
Ft. Myers. Florida 
33901 
All phones 
(813) 936-2397 


Send 10C for new catalog with 12 oscillator 
circuits and lists of frequencies in stock. 


Superfilter — modern crystal filter 
theory yields superior performance at a 
remarkably low price. Bandwidth of 2150 
Hz at 6 dB is ideal for ssb. Rejection of 
50 dB at ±300 Hz and 90 dB at ± 700 Hz 
from the passband edges, suppresses even 
the strongest interference. What's more, 
90-dB rejection is maintained down to 
100 Hz and up to 15 MHz leading to 
simple i-f designs. See our Superfilter ad 
in this issue for more information — 
Signal Management Sciences. 

new versatility in 
tower installations 

Heights Manufacturing Company 
offers special Screw-Operated Hinged 
Bases and Fold-Over Kits for operation 
with their famous line of aluminum 
towers. 

The Screw-Operated Hinged Base 
(SOHB) gives tremendous leverage to an 
individual working on the tower plus 
great safety in the inherent self-braking of 
screw type actuation. 
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For easier and faster operation, 
Heights also offers winch operation by 
the substitution of a winch, cable and 
pulley system. In addition the SOHBs 
described above can be converted to this 
type of operation by the installation of 
these new parts. 

Get complete information, not only 
on these special SOHB and Fold-Over 
Kits, but also on their complete line of 
"Standard" aluminum towers from 
Heights Manufacturing Co., Almont 
Heights Industrial Park, 4516 North Van 
Dyke Highway, Almont, Michigan 48003. 

midwest’s ham 
headquarters 

Chuck Schecter, W8UCG, welcomes 
you to call Electronic Distributors, Inc., 
(616) 726-3196 or TELEX 22-8411 for 
quotes on towers, antennas, electronic 
and ham gear (both new and used), 
accessories, etc. For over 36 years a 
leader in the electronics industry as 
communications specialists. Your one- 
stop electronics supply center! Daily 
from 8:30 - 5:30 - Saturday from 9 - 4. 
Satisfaction guaranteed. All the best 
name brands at Electronic Distributors, 
Inc., 1960 Peck Street, Muskegon, 
Michigan 49441. 

flexible 

two-meter antennas 

Hy-Gain Electronics announces two 
new "rubber-ducky" antennas specifically 
tuned for the ham. The new Model 274 is 
a plastic-coated helical flexible antenna 
which terminates in a male BNC fitting 
and will fit directly on the many hand¬ 
held units employing BNC output con¬ 
nectors such as the Wilson, Clegg, VHF 
Engineering and other popular units. Ham 
net for the Model 274 is $9.00. 

The new Model 275 is terminated in a 
metal shell PL-259 fitting for two-meter 
units which previously could not use a 
flexible antenna. It is tuned specifically 
for the Drake TR series and similar 
portable units. Ham net for the Model 
275 is $7.00. 



gives 
a lot to talk over 



American Made Quaiity at Import Price 


Full 12 Channel, 15 Watts 
with HI/LO power switch 

Here is everything you need, at a price 
you like, for excellent 2 meter FM 
performance. The 12 transmit channels 
have individual trimmer capacitors 
for optimum workability in point- 
to-point repeater applications. 
Operate on 15 watts (minimum) 
or switch to 1 watt. 0.35 uv sensitivity 
and 3 watts of audio output 
make for pleasant, reliable listening. 

And the compact package is 
matched by its price. £ 

Amateur Net 





■enCL^ELECTRONICS, INC. 


7707 Records Street 
Indianapolis, Indiana 46226 


An FM Model For Every Purpose . . . 
Every Purse 



HR 6 HR ??G ACT 10 H/Ull 

12 Channel 2$ Walt 12 Channels 10 Walls 3 BandlQ Channel FM 
6 Meter FM Transceiver 220 MH; fM Transceiver Scanner Receiver 
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In our ever more populated world, with 
its growing proliferation of electronic 
gadgets, it's the rare amateur who hasn't 
been bothered at one time or another by 
interference complaints. In the 1930s, as 
more and more broadcast stations came 
on the air, it was BCI. Then, in the late 
1940s, it was TVI. Now, with exotic 
solid-state stereo and quadraphonic sys¬ 
tems, the interference problem has 
become more widespread. It's also much 
more difficult to cure. Nor, as I pointed 
out in this column over a year ago, is the 
problem limited to amateurs. Consumers 
who live near high-powered television and 
fm broadcast stations regularly complain 
of unwanted interference. And the 
900,000 or so class-D CB stations receive 
a share of the blame as well. 

Clearly, the problem can be effectively 
solved only by proper design and con¬ 
struction at the manufacturing level. 
Why, you may ask, isn't this done now? 
Wouldn't it be a lot easier to properly 
design the equipment in the first place 
than to try to cure the problem piecemeal 
after the equipment is installed in the 
consumer's home? 

The answer lies in the economics of 
the design and sale of equipment in a 
highly competitive market. The manufac¬ 
turers are obviously reluctant to add 
filtering or lead bypassing that would 
increase the size of the price tag. Until 
recently, in fact, they have contended 
that only 1% of home entertainment 
equipment operates in a strong rf environ¬ 
ment which requires additional lead fil¬ 
tering or bypassing. However, an Elec¬ 
tronics Industries Association spokesman 
acknowledged recently that the wide¬ 
spread growth of two-way radio systems, 
as well as higher-power a-m and fm 
broadcasting stations warrants another 


look at the manufacturers' present posi¬ 
tion. However, with dwindling profit 
margins brought on by inflation, I see 
little chance manufacturers will voluntar¬ 
ily do anything to solve the RFI problem. 

What is needed is Congressional or 
FCC action to require all manufacturers 
of TV sets, stereo systems, and a-m and 
fm receivers to build interference suppres¬ 
sion into their designs. Although the late 
Rep. Charles Teague of California intro¬ 
duced Congressional legislation in 1973 
which would have required radio and 
television sets to meet FCC standards for 
filtering out interference, that bill, which 
is still pending, did nothing about radio 
interference to audio equipment. And, 
according to Rep. Torbert Macdonald of 
Massachusetts, Chairman of the House 
Commerce Subcommittee on Power and 
Communications, there is considerable 
legislative opinion that the FCC can 
require the manufacturers to put lowpass 
filters into TV receivers without addi¬ 
tional legislation. 

The ARRL Radio Frequency Inter¬ 
ference Task Group, which has been 
working on the problem for over a year, 
has put together a packet of material 
which may prove helpful if you are 
experiencing rf interference problems. 
The packet, which includes a wealth of 
useful data, is available by sending a large 
(9x12-inch), self-addressed Manila 
envelope with $0.40 postage to Ted 
Cohen, W4UMF, 8603 Conover Place, 
Alexandria, Virginia 22308. Included is a 
questionnaire which will assist the ARRL 
RFI Task Force in its work with the FCC 
and representatives of the electronics 
industry. Let's all get behind this worth¬ 
while effort. 

Jim Fisk, W1DTY 

editor-in-chief 




AMATEUR RESPONSE TO CURRENT FCC DOCKETS DISAPPOINTING as few amateurs take 
time to comment on the many important FCC actions now pending- Let's get with it! 

Three Long-Awaited Repeater Actions (repeater linking, cross-banding and auto¬ 
matic control) have received a grand total of two comments thus far, both on auto¬ 
matic control (one wants rules tightened, other wants no rules at all!), 

RACES Docket , on the other hand, has had lots of response — 95% of it from 
RACES people, and almost 100% of that "anti-ham!" Comments range from "RACES 
needs paid professional operators — hams are not competent emergency communica¬ 
tors" to one state organization that proposes taking the present RACES band seg¬ 
ment away from the amateur service and reassigning it to state and local govern¬ 
ments for full-time RACES use! One thing is certain: RACES has not received good 
amateur support in most areas. 

REDUCED FEES FOR AMATEUR LICENSES offered in Docket 19658 issued August 12, 
License modification without renewal would be reduced to $5, renewal or new li¬ 
censes to $6. Special calls remain at $25. Comments by September 20, replies 
by October 4. 

SHARED INDUSTRIAL USE OF 420-450 BAND PROPOSED in FCC Docket 20147, adopted 
August 21. Docket would permit operation of HIRAN, a high-accuracy radio-location 
system developed for precise location of offshore oil-drilling rigs. System would 
use frequencies within the amateur/government-radio-location band on a non-inter ¬ 
fering temporary basis through January 1, 1978. Comments are due by November 4. 

ARRL ADVISORY COMMITTEE OPENINGS on the Contest , DX and VHF Repeater committees 
upcoming as many present appointments expire January 1, 1975. Nominations to fill 
the open slots are solicited, and the proper forms for making nominations are 
available on request from ARRL headquarters in Newington, Connecticut. 

HAWAII SITE FOR NEW 1975 HAMFEST . Promoted by Leonard Norman of SAROC/Las 
Vegas fame, this new show is in addition to SAR0C. A week-long affair is planned 
with package deals from all major U.S. cities. For developing details write to 
Leonard at SAROC, Box 945, Boulder City, Nevada 89005, 

NATIONAL RADIO RIDES AGAIN . All assets of the former National Radio Company 
have been purchased by new National Radio Company, Inc,, with plans to resume 
manufacture of most of the former company r s product lines in Melrose, Mass. 

PROBLEM WITH KEYBOARD CW BUFFS is proper IDing. FCC monitors are not set up to 
copy super-high-speed CW, so perhaps FCC rule limiting RTTY CW ID to 20 wpm should 
be extended to all modes. Forearmed is forewarned... 

FCC COULD LICENSE ALIENS under provisions of Senate bill S.2457 now under con¬ 
sideration. This bill would enable many now prohibited to become licensed, and 
expedite licensing of others now eligible by bypassing considerable red tape. 

ILLINOIS STATE POLICE APPLY FOR 2000 CB LICENSES , put FCC on spot as to whether 
this is "proper" CB use- Police/citizen groups are using CB in several areas, but 
question seems to be what impact CB licensing of a large force would have. 

AT TEXAS VHF-FM SOCIETY CONVENTION in August FCC Amateur and CB Division Chief 
Prose Walker delivered a Special Temporary Authority for activation of TIRS (Texas 
Intercity Relay System) that permitted demonstration of the capabilities of this 
sophisticated multi-repeater linkup. 

Prose also discussed restructuring of amateur radio, and reviewed a variety of 
possible approaches including a separate license for HF or VHF/UHF (with dis¬ 
tinctive prefix — AA-AL block is already ours, and attempts are being made to 
break N and NA-NZ prefixes loose from the Navy). 

ARRL NEW ENGLAND DIVISION DIRECTOR CHAPMAN RETIRES effective December 31, but 
Bob, W1QV, plans to continue as President of the ARRL Foundation until the end of 
his term next March. 



high-efficiency 


rf power amplifiers 


Design and 
construction of 
solid-state rf 
power amplifiers 
that offer 
operating efficiencies 
of 90 percent 
or more 


Since the demise of the spark gap, radio 
amateurs have been plagued by inefficient 
transmitters. The transistor eliminated 
the power consumed by the filaments of 
vacuum tubes, but the inefficiency inher¬ 
ent in class-A, -B and -C amplifiers 
remained. Now class-D techniques (also 
called switched-mode or class-S) offer a 
means of eliminating some of the remain¬ 
ing inefficiency. These techniques can be 
applied to both audio and rf amplifiers, as 
well as to voltage regulators. 

There are a lot of reasons an amateur 
might want to use class-D, including less 
input power for the same output, more 
output for the same input, smaller power 
supplies or batteries (lower energy con¬ 
sumption), and smaller heatsinks and 
transistors. In addition, the transistors 
don't have to be linear. 

You might use class-D to build a 
transmitter with a legal output of 900 
watts. High-efficiency operation will keep 
this rig from heating your operating room 
at the same time. Class-D operation not 
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only reduces your electric bill, it result 
in saving even more power at the general 
ing plant (1 to 2 watts there for each wat 
saved in your transmitter). 

Why are ordinary amplifiers ineffi 
cient, anyway? When used as a class-A, -E 
or -C amplifier, a transistor (or tube, fet 
etc.) sustains a non-zero voltage while it i: 
conducting current. Whenever both volt 
age and current are present, power i: 
consumed. The amount of power con 
sumed depends on the class o 
operation — what portion of the time th< 
active device is actually conducting cur 
rent. 

Class-A amplifiers conduct current al 
the time, and when amplifying a sine 
wave, efficiency is no greater than 5C 
percent. Since class-B amplifiers conducl 
current half the time, they can achieve 
78.5% efficiency with sine-wave signals. 
Class-C amplifiers conduct current less 
than half of the time and do not, theoret¬ 
ically, have limited efficiency. However, 
practical limits (drive power, peak cur¬ 
rent, etc.) make it difficult to achieve 
very high efficiencies; maximum typical 
efficiency for class-C operation is 85 
percent. 

Class-D operation can provide more effi¬ 
ciency because it avoids the conditions of 
simultaneous non-zero voltage and non¬ 
zero current which cause power to be 
consumed in the transistor. The transis¬ 
tors act as switches. When the transistors 
are off (open), the current is zero, so no 
power can be dissipated. When the tran¬ 
sistors are on (closed), the transistors 
have (nearly) zero voltage drop across 
them, so again no power is dissipated. So 
long as the transistors can be switched 

Author Raab, who was previously licensed as 
WA0ATT, is employed by the Cincinnati Elec¬ 
tronics Corporation in Cincinnati, Ohio, manu¬ 
facturers of electronics equipment for the 
government. 
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fast enough and saturated well enough, 
high-efficiency operation is possible. 

The difference between linear and 
switched-mode amplifiers is best shown 
by an example. Suppose that you have a 
lamp which consumes 100 watts when 
connected to 100-volts dc, and that you 
want to dim it to 50 watts (fig. 1). The 
easiest way to reduce power is to insert a 
resistor in series with the lamp, adjusting 
its value to produce 50-watts dissipation 
in the lamp. If you go through the 
calculations, you will find that this c/ass- 
A dimmer consumes about 20.7 watts, 
making its efficiency 70.7 percent. 

To make a class-D dimmer, you would 
use a switching transistor instead of the 
resistor (fig. 1C). The transistor would be 
driven so that it is turned on 50% of the 
time and off the other 50%. The lamp 
will then consume an average of 50 watts 
and the transistor switch will consume (al¬ 
most) nothing, thus having an efficiency of 
(almost) 100%. Note that the switch must 





fig. 1. Simple class-A and class-D light 
dimmers illustrate relative efficiency of the 
two classes of operation. In the class-A light 
dimmer (B), maximum efficiency is 70.7%. 
Efficiency is nearly 100% in the class-D 
dimmer (C). 


operate fast enough so that you cannot 
see the lamp flicker. 

A technique which is useful when 
designing linear high-efficiency rf ampli¬ 
fiers is envelope elimination and restora¬ 
tion. The EER technique (fig. 2) was 
developed by Kahn in the early 1950s as 
a means of adapting high-power a-m 
transmitters to ssb service. 1 - 2 Basically, 
this technique treats a single-sideband 
signal as a carrier which is both amplitude 
and phase modulated. Before amplifica¬ 
tion, the envelope (amplitude) is detected 
and the carrier amplitude is limited. The 
phase-modulated, constant-amplitude 
carrier may now be amplified by non¬ 
linear rf amplifiers. The envelope signal is 
an audio signal with frequency compo¬ 
nents from dc to about 10 kHz (four 
times the tone separation will do), and 
can be amplified by linear audio ampli¬ 
fiers. The two signals are combined by 
amplitude modulating the last stage of the 
rf amplifiers, producing an amplified ssb 
signal. This technique is useful in high 
efficiency amplification since it is 
generally much easier to build linear 
class-D audio amplifiers than linear class- 
D rf amplifiers. 

In this article I will attempt to give 
you a basic understanding of what class-D 
operation is all about. Understanding 
class-D requires close attention to where 
current flows and why a voltage is what it 
is. Never assume a particular waveshape 
just because it seems reasonable; make 
sure something causes it. 

class-D audio amplifiers 

Class-D audio amplification is often 
referred to as pulse-width modulation 
(PWM) because this technique is used 
in class-D audio amplifiers. Applications 
include both amplitude modulators and 
loudspeaker amplifiers, and all power 
levels of interest to amateurs are feasible. 
The use of integrated circuits makes the 
modulation circuitry quite simple. 

Audio-frequency PWM is somewhat 
similar to the class-D light dimmer. A 
combination of transistors and diodes 
acts as a switch which applies a voltage 
pulse train to the load through a lowpass 
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filter. The pulse width determines the 
average voltage, which is the output of 
the lowpass filter. The output (average) 
voltage can be varied to reproduce a 
desired audio signal by varying the pulse 
width. 

a-m modulator 

When a class-D audio amplifier is used 


rent flow and draws what it needs 
through the diode. Therefore, the diode 
acts as part of the switch and cannot be 
eliminated from the circuit. Note that no 
current at the switching frequency flows 
into the load; hence, there is no power 
dissipated at the switching frequency. 
When the transistor or diode conducts 
current, the voltage across it is very small 



fig. 2. Block diagram of the basic envelope elimination and restoration system. This technique 
permits the use of non-linear rf power amplifiers in ssb service. 


as an a-m collector modulator, both the 
voltage and current outputs will always 
be positive. The switch, composed of a 
transistor and a diode (fig. 3A), connects 
the inductor in the lowpass filter to 
either +V CC or ground (zero voltage). The 
lowpass filter has a high input impedance 
at the switching frequency, but allows the 
desired audio frequencies to reach the 
load. Load resistor R represents the rf 
amplifier to be modulated. 

If the pulse width is 50% of the period 
of the switching frequency, the average 
voltage is 50% of V cc . Since the lowpass 
filter allows only low-frequency voltages 
to reach the load, with a 50% pulse width 
a current of V CC /2R flows in the load. As 
the pulse width is varied from zero to 
100%, the load voltage varies from zero 
to V cc , and the load current varies from 
zero to V cc /R. 

When the transistor is driven on, cur¬ 
rent flows through the inductor into the 
load; when the transistor is turned off it 
stops conducting current. The inductor 
resists any instantaneous change in cur- 
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(saturation voltage), so the switch is very 
efficient. 3 ’ 4 - 5 

loudspeaker amplifier 

If class-D is to be used in an audio 
power amplifier or other ac-coupled 
application, the output circuit becomes 
more complicated as shown in fig. 4. A 
blocking capacitor, C B , prevents dc cur¬ 
rent from flowing into the load but 
requires that current be able to flow from 
the load into the switch during any part of 
the ac cycle. This requires a second 
transistor-diode pair. A pulse width of 
50% produces no current flow at all. As 
the pulse width is varied, low-frequency 
current flows into the load. 

A third variation of the output stage is 
sometimes called the class-BD amplifier 6 
(the previous configurations are then call¬ 
ed class-AD). The class-BD circuit is 
essentially both a positive and a negative 
voltage modulator (fig. 5). This configura¬ 
tion is very versatile because it can 
produce both ac and dc outputs. Also, 
when there is no signal input, the ampli- 
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fig. 3. Basic audio-frequency pulse-width 
modulation circuit with voltage and current 
waveforms. 


tier can simply shut down and conserve 
drive power. However, the driving and 
modulation circuitry is proportionately 
more complex, and two power supplies 
are required. Diodes CR1 and CR2 pre¬ 
vent conduction by the collector-base 
junctions of transistors Q1 and Q2 when 
Q3 and Q4 are turned on. 

circuit parameters 

In class-D audio power amplifiers the 
switching frequency must be somewhat 
higher than the highest audio frequency 
desired so the lowpass filter can eliminate 
switching frequency energy from the out¬ 
put. A ratio of 10:1 is nice, but a ratio of 
5:1 (sometimes a little less) will do. In no 
case can the switching frequency be less 
than twice the highest audio frequency. 

A pulse train contains a dc compo¬ 
nent, the switching frequency and its 


harmonics. As the pulse width is modula¬ 
ted, the dc component is modulated 
linearly to produce the desired output 
signal. The switching frequency and its 
harmonics are also modulated, but their 
modulation is highly nonlinear, resulting 
in a large amount of splatter near these 
frequencies. When the switching fre¬ 
quency is much higher than the audio 
frequency the splatter is reduced to neg¬ 
ligible levels at the passband of the 
output filter. 

The input impedance of the low-pass 
filter should be much higher than the 
load resistance to prevent significant cur¬ 
rent flow at the switching frequency. A 
good way to accomplish this is to use 
a large inductor at the input of the 
filter — its reactance, at the switching 
frequency, should be ten times the load 
resistance. 

If the class-D amplifier is used as a 
loudspeaker amplifier, the output filter 
should attenuate the switching frequency 
by at least 40 dB. If the circuit is used as 
an a-m modulator, the filter should atten¬ 
uate the switching frequency 80 dB to 
prevent adjacent-channel interference. A 
two-pole, lowpass filter will provide 
40-dB attenuation per decade; a four-pole 
filter will provide 80-dB per decade atten¬ 
uation. 

It is convenient to make the cutoff 
frequency of the filter equal to the 
highest audio frequency and the switch¬ 
ing frequency ten times higher; this 
allows 40-dB attenuation of the switching 
frequency for each two poles (L-C pair) 
in the output filter. The inductor value is 
chosen to have a reactance of 10R at the 
switching frequency and the capacitor is 
chosen to resonate with the inductor at 
the cutoff frequency. The capacitor can 
be any good quality capacitor. The induc¬ 
tor should use a toroid which has relative¬ 
ly high Q at the switching frequency. 

generating PWM 

Pulse-width modulation can be accom¬ 
plished quite easily using only a couple of 
integrated circuits. Fig. 6 shows how a 
triangle wave can be compared to the 
audio input signal to generate pulses with 
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widths proportional to the audio input. 
Whenever the input audio signal is greater 
than the triangle signal, the output pulse 
amplifier is driven on. 

A good triangle wave of about 1-volt 
peak-to-peak can be generated by inte¬ 
grating a 12-volt peak-to-peak square 
wave with a lowpass R-C filter. The 
square wave can be generated by a simple 
multivibrator built from cmos NOR gates 
as shown in fig. 7. A high-speed compara¬ 
tor such as the 710 is then used to 
produce the pulses (fig. 8). 

An alternative means of generating the 
pulses is to use a NE555 timer 1C. The 
circuits are described in the applications 
notes. 7 This modulator varies only the 
trailing edge of the pulse, but that really 
doesn't matter much. For linear PWM, 
however, you must charge the modulator 
capacitor from a current source rather 
than through a resistor. A recent paper by 
Subbarao 8 describes a simple PWM circuit 
using a unijunction transistor to generate 
the triangle wave (if you try his circuit, I 
suggest using the diodes in the output as 
described here). 

pulse amplifiers 

Switching (pulse) amplifiers can be 
designed quite easily since there are only 
three basic considerations: 9 

1. There must be enough base current to 
saturate the transistors. 

2. There must be enough drive voltage to 
cut off the transistors. 



fig. 4. Basic class-D audio power amplifier (also 
called class AD). 



fig. 5. This class-D amplifier (also called class 
BD) can produce both ac and dc outputs. 


3. Rise time must be much smaller than 
the switching frequency. 

The third requirement is satisfied by 
using transistors with a gain-bandwidth 
product at least ten times the switching 
frequency (or transistors with a rise time 
no larger than 5% of the switching 
period). There are many inexpensive 
switching transistors suitable for low and 
medium power levels. 

Pulse amplifiers are best designed by 
working from the output stage back to 
the pulse source. A sample design is 
shown in fig. 9. Assume that the peak 
output current is 1 ampere, and that the 
minimum current gain of transistor Q3 is 
25 (from the data sheet). The base 
current required to saturate Q3 at all 
times is then 

■c3 1A A 

'b3 = 7T = 25" = 40 rnA 

The output transistor is to be driven by 
the complimentary transistor pair, Q1 
and Q2. Under saturated conditions, sili¬ 
con transistors have typical collector- 
emitter voltages of 0.3 volt and typical 
base-emitter voltages of 0.7 volt. Transis¬ 
tor Q2 must be on to turn Q3 on, so the 
voltage at point D will be 0.3 volt. The 
voltage on the base of Q3 (point E) will 
be 0.7 volt below V cc , or 11.3 volts. The 
maximum value of R3 is then 

qo 11.3 - 0.3 _ 0 -, c , 

R3 max 0 040 275 ohms 


12 QI October 1974 







fig. 6. A PWM signal can be generated by 
comparing a sinusoidal input signal to a refer¬ 
ence triangle waveform. A suitable triangle 
waveform generator is shown in fig. 7; a PWM 
generator using an 1C comparator is illustrated 
in fig. 8. 

Use the nearest standard value (270 
ohms). When transistor Q1 is on and Q2 
is off\ point D will be at 11.7 volts (12- 
0.3). Since this is greater than the 
11.3-volt saturation voltage, transistor Q3 
should be cut off. 

A similar process is used to choose a 
value for R2 (6800 ohms), assuming that 
point A is also driven by a complimentary 
pair. Note that although transistor Q1 
does not conduct any sustained current, 
it will conduct the same surge current 
while switching, so R1 should be the 
same value as R2. A complimentary pair 
(such as Q1 and Q2) will generally be 
necessary for high switching speeds. If 
you use a single transistor and collector 
resistor, turn-on will be fast. However, 
turn-off will be slow because the collector 
capacitance must discharge through the 
resistor. 

An emitter follower pair cannot pro¬ 
vide any voltage gain, and will produce a 
smaller voltage swing in the output, and 
thus be less efficient. For these reasons a 
voltage gain pair is usually better. How¬ 
ever, there are disadvantages. If point A is 
disconnected from its drive, both Q1 and 
Q2 will turn on, causing a short circuit, 
probably destroying themselves and Q3 as 
well. During switching this same process 
can cause a large current spike, reducing 
efficiency. It is generally a good idea to 
put a small resistor (1% to 5% of R3) 
somewhere in the collector path to 
reduce these effects. 

Transistor base capacitance can be a 
significant impediment to high-speed 
switching. Before a transistor can turn on, 
its base capacitance must be charged to 


0.7 volt through the base resistor. This 
produces an output waveform delayed 
from the driving waveform. This effect 
can be overcome by using speed-up capa¬ 
citors (Cl, C2 and C3 in fig. 9). These 
capacitors have much the same effect as 
the trimmer capacitor in an oscilloscope 
probe. The correct capacitance value 
causes a square-wave voltage (rather than 
a damped voltage) to appear on the base. 

It is probably possible to calculate the 
values of these capacitors, but it is much 
easier to find the values by trial and error. 
Use an oscilloscope to compare the rising 
edges of the square waves at points A and 
D. Install capacitors Cl and C2 and 
observe that the delay becomes smaller; 
increase the value of Cl and C2 until the 
delay is negligible. Do not use more 
capacitance than is necessary as this will 
load the driver and slow the amplifier. 
Base-to-emitter resistors (such as R5) may 
be added to provide return paths for the 
speed-up capacitors. This helps to keep 
the transistors off when not driven on. 
Typical values (determined experimental¬ 
ly) are one half to one-third of the 
corresponding base resistors. 

One last comment on pulse amplifiers. 
Fixed voltage changes can sometimes be 
made by using diode drops. The diode(s) 
will conduct only when the applied volt¬ 
age is large enough. 

efficiency 

What efficiency can you actually 
expect? Both saturation voltage and non- 
i nstantaneous switching reduce the 
efficiency of the output stage, and these 
and current spikes reduce the efficiency 



fig. 7. Simple reference triangle wave generator 
uses two cmos gates and one transistor. 
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of the driver stages. The driving resistors 
also consume power. Although exact cal¬ 
culation of efficiency requires some com¬ 
plicated formulas, here are some rules of 
thumb that give ballpark answers: 

1. Decrease the efficiency of the output 
stage by subtracting the saturation 
voltage-to-V cc ratio from 1. If the satura- 



PULSE 

OUTPUT 


JU1TL 


3 

0 


fig. 8. Simple 1C comparator circuit generates 
PWM signal. Reference triangle waveform is 
provided by circuit of fig. 7. Input and output 
waveforms are shown in fig. 6. 


tion voltage is 0.3 volt and the supply is 
12 volts, 

r? = 1.00 - -j|-= 1.0 - 0.025 = 97.5% 

2. Further decrease the efficiency by 
subtracting the ratio of the time spent 
in switching to the switching period. 
If the switching frequency is 100 kHz 
(10 (is) and the rise time is 100 nano¬ 
seconds. 


r? = 0.975 - 


2 • 100 nsec 
10 /xsec 


95.5% 


3. Most of the power dissipated in the 
amplifier will be dissipated in the output 
stage and its base driving resistor(s). The 
power consumed in the base resistor is 
approximately equal to the output power 
reduced by the ratio of base current to 
output current. This decreases the effi¬ 
ciency by the ratio of i b to i c (or by 1/0) 

V = 0.955- 4 ] ™- =91.4% 


Remember that these rules are only 
approximate, so the actual efficiency will 
be lower at less than peak output. Before 
you get discouraged, though, remember 
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that saturation voltage and drive power 
reduce class-B efficiency, and that peak 
power contributes most to the average 
efficiency. 

power regulators 

Class-D operation can also be used for 
ac and dc power control. SCRs and triacs 
can be used to chop an ac waveform to 
produce the desired output power. These 
devices turn on when driven and stay on 
until the output current ceases (at the 
end of an ac half cycle). SCRs conduct 
current in only one direction, while triacs 
conduct current in either direction. 

Dc voltages (or currents) can be regula- 
ted efficiently by switching 
regulators. 10 - 11 A voltage-reducing regu¬ 
lator circuit looks like a simplified audio 
amplifier (fig. 10). The high-gain ampli¬ 
fier compares the output of the lowpass 
filter to the desired reference voltage. If 
the output voltage is lower than the 
reference by more than a small amount, 
transistor Q1 is turned on and the output 
voltage begins to rise. When the output 
voltage exceeds the reference by more 
than a small amount, Q1 is switched off 
and the output begins to fall. In this 
manner the output voltage is kept within 
a small fixed amount of the reference 
voltage. The switching frequency depends 
on the output filter and current, and 
varies with changing load conditions. The 
high-gain amplifier and voltage reference 


+!2V +t2V 



fig. 9. Basic pulse amplifier circuit. Design and 
operation of this circuit is discussed in the text. 



are often available in a single 1C such as 
thepA723. 

class-D rf amplifiers 

Class-D operation can also be used to 
build high-efficiency rf ampli¬ 
fiers. 12 In this case the switching fre¬ 
quency component of the pulse train 
becomes the rf carrier and is coupled to 
the load through a bandpass filter rather 
than a lowpass filter. Fig. 11 shows the 
equivalent circuit of a simple class-D rf 
amplifier. Switches SI and S2 (switching 
transistors in an actual circuit) are driven 
alternately on and off with a 50% duty 
cycle, producing a square-wave voltage, 
V s . The square-wave voltage has com¬ 
ponents at the fundamental (switching) 
frequency and its odd harmonics. The 
peak-to-peak voltage of the fundamental 
component is 4/ n (1.27) times the peak- 
to-peak voltage of the square wave. The 
series-tuned output circuit is resonant at 
the switching frequency, so it exhibits 
high impedance to the harmonics, but 
provides a direct connection to the load 
for the carrier. As a result, only current at 
the carrier frequency can flow into the 
load. 

The output voltage and current are 
sine waves which are represented math¬ 
ematically by 

2V CC . 

Vq = —— sin cut 

7T 

v o 2V CC 

'«*TT*TbT s ' nan 

When the output current, i Q , is positive, it 
flows through SI; when it is negative, it 
flows through S2. A single transistor 
switch cannot be used for class-D rf 
operation because the output current 
must be able to flow in both directions. 
The power output from this amplifier is 
given by 

p _ ( v o peak)(*o peak) _ 2V 2 cc 
2 ff 2R 

The switches consume almost no power 
themselves because the voltage across 
them is nearly zero when they are con¬ 
ducting current. 


rf circuits 

There are a variety of class-D rf ampli¬ 
fier circuits (fig. 12) just as there are a 
wide variety of linear amplifiers. The 
equivalent circuit just discussed can be 
realized by any of the complimentary 
versions (figs. 12A, 12B or 12C). The 
input transformer secondary windings are 



fig. 10. Basic switching voltage-regulator 
circuit. 


connected so that the transistors turn on 
with opposite polarities of the drive signal. 
Complimentary class-D amplifiers have the 
advantage of requiring no output trans¬ 
former, and hence no transformer losses. 

The quasi-complimentary configura¬ 
tion (fig. 12C) uses only npn transistors 
which are both more abundant and less 
expensive than pnp types at high frequen¬ 
cies. This is a definite advantage of the 
quasi-complimentary circuit. 

Transformer-coupled or push-pull 
class-D amplifiers are also possible. In the 
voltage-switching amplifier (fig. 12D), 
alternately driving the transistors on 
causes their collector voltages to be 
square waves of zero to 2V CC volts. The 
current which flows in either transistor is 
a half cycle of a sine wave, just as in the 
complimentary amplifiers. Power output 
depends on the turns ratio of the output 
transformer, as well as on the supply 
voltage and load resistance. 

The total voltage swing on the trans¬ 
former primary is 2V CC , so if there are 
four turns in the primary for each turn in 
the secondary, the output power will be 

October 1974 GB 15 



the same as that of a complimentary 
amplifier. Output voltage varies with the 
turns ratio, and output power varies with 
the square of the turns ratio. The turns 
ratio can be used as part of the matching 
and loading network. This configuration 
is particularly useful when the supply 
voltage is low since it provides a 2V CC 





TfR 

fig. 11. Equivalent circuit of a class-D rf 
amplifier and ideal waveforms. 

voltage swing at the collectors of the 
power transistors. 

This is a good time to point out that 
you cannot connect an rf choke directly 
to the collector or primary center tap in a 
voltage-switching amplifier (fig. 12A, 
12B, 12C or 12D). These amplifiers draw 
current in lumps at the signal frequency, 
and an rf choke tries to force constant 
current. A capacitor should be connected 
from either the collector of transistor Q1 
or the primary center tap to ground to 
supply current as needed while main¬ 
taining constant voltage. An rf choke can 
then be connected from the collector to 
the supply to keep rf out of the power 
supply. 
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Another class-D rf circuit is the 
current-switching push-pull amplifier 
shown in fig. 12E. This circuit is a 
so-called "dual” of the voltage-switching 
amplifier because it features square-wave 
current and sine-wave voltages. The rf 
choke forces a constant current so the 
transistors conduct constant current 
while they are on. The parallel-tuned 
output filter conducts all of the harmonic 
currents but forces the carrier current 
into the load. Output voltage and power 
are somewhat different than those of the 
voltage-switching amplifier. Since there 
can be no dc voltage drop across a 
transformer winding, the total primary 
voltage must be 

Vpri = ttV cc sin cot 

(The peak collector voltage is 7rV cc so the 
average or dc collector voltage is V cc .) If 
the turns ratio is 1:1, the output power is 


Output current is 

^V cc . 

•o Sln Wt 

and the dc input current (and transistor 
peak current) is 

, ff2V cc 

1 2R 

The current-switching amplifier offers 
an alternative way of fitting together 
power requirements, supply voltage and 
maximum transistor ratings. Also, it has 
the same configuration and the same 
output filters as class-B transistor power 
amplifiers. However, it will generally be 
less efficient than the voltage-switching 
amplifier because more current must be 
drawn through the same saturation volt¬ 
age and large amounts of current must be 
switched (the voltage-switching amplifier 
switches at zero current points). 

transformers and tuned circuits 

The transformers required in class-D rf 
amplifiers are essentially the same as 









Q CURRENT SWITCHING PUSH-PULL 

fig. 12. Practical cfass-D rf amplifiers can be 
built in various ways as shown here. The 
advantages and disadvantages of each of these 
circuits are discussed in the text. 

those used in solid-state class-B rf ampli¬ 
fiers. 15 They consist of several parallel 
wires wound on a stack of toroidal cores 


+ Vcc 
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made of suitable material for the frequen¬ 
cies to be used. Building these trans¬ 
formers is a mixture of intuition and 
witchcraft and a lot of trial and error. 
However, here are some general rules: 

1. Increasing the number of turns in¬ 
creases the series inductance, degrading 
the high-frequency response. 

2. Paralleling two windings with the same 
number of turns decreases series induct¬ 
ance, improving high-frequency response. 

3. Stacking several cores increases power 
handling capability and increases shunt 
inductance, improving low-frequency re¬ 
sponse. 

The transformer parameters must be 
chosen to fit the application, and in 
class-D circuits it is necessary to pass a 
few harmonics of the carrier as well as the 
carrier itself. However, it is not difficult 
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to build transformers working over sev¬ 
eral octaves (up to 5 or 6). 16 - 17 

The output filter need not be the 
simple tuned circuits used in the 
examples here. A T-network presents a 
high impedance to the harmonics of the 
carrier, and can be used where series- 
tuned circuits are shown. Pi networks 
present low impedances to the harmonics 


through a hybrid transformer (fig. 13) as 
is done with linear amplifiers. 18 Basical¬ 
ly, a hybrid transformer prevents the two 
amplifiers from loading each other. The 
transformer has a 1:1 turns ratio which 
forces equal currents in each winding. If 
you wish, you can work out the details 
with a little algebra, but essentially, if the 
two amplifiers do not produce equal 


table 1. Transistor types that are suggested for use in high-efficiency class-D 
amplifiers. However, these are not the only ones that can be used. Avoid using 
rf transistors which are optimized for particular frequencies as they usually 
contain internal matching which usually won’t help them switch fast. These 
specs are intended as a general guide rather than exact specifications. 


JEDEC 


maximum 

maximum 



number 

type 

V C E* 

*C 

package 

application 

2N4123 

npn 

30 

0.2 

T 0-92 

100-kHz switch 

2N4124 

npn 

25 

0.2 

(plastic) 


2N4125 

pnp 

30 

0.2 



2N4126 

pnp 

25 

0.2 



2N2222A 

npn 

40/65** 

0.8 

TO-18 

1-MHz switch 

2N2907A 

pnp 

40/65** 

0.8 

(metal) 


2N5190 

npn 

40 

4.0 

flat 

100-kHz switch 

2N5191 

npn 

60 

4.0 

(plastic) 


2N5192 

npn 

80 

4.0 



2N5193 

pnp 

40 

4,0 



2N5194 

pnp 

60 

4.0 



2N5195 

pnp 

80 

4.0 



2N3262 

npn 

80/100 

1.5 

TO-39 


2N3734 

npn 

30/45 

1.5 

TO-5 

30-MHz switch 





(metal) 

(high-speed switch) 

2N3735 

npn 

50/70 

1.5 



2N5262 

npn 

50/70 

3.0 

TO-39 


2N3961 

npn 

40/56 

1,0 

stud 

30-MHz switch 






(400-MHz rf) 

2N3553 

npn 

40/56 

1.5 

can 


2N3375 

npn 

40/56 

1.5 

stud 


2N3632 

npn 

40/56 

3.0 

stud 


SD-200 

fet 

25 

0.05 

can 

100-MHz switch 

1N4933 

diode 

50 

1.0 

DO-41 

100-kHz switch 

MR380 

diode 

50 

3.0 

(metal) 



*Wheri two values are shown they are Vqbo/ v CEV- The first is with base open, 
the second with reverse bias as in a push-pull amplifier. 

**Without A suffix, 30/50. 


and can be used in the place of parallel- 
tuned circuits. Input impedance to the 
third harmonic should be at least ten 
times the load impedance at the carrier 
frequency, and the output filter should 
attenuate harmonics by 50 dB or more. 

Two (or more) small amplifiers can 
be combined to obtain greater output 
power by connecting them to the load 
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outputs, R2 consumes power and reduces 
efficiency. This means the two amplifiers 
must be closely matched or controlled. 

Hybrid transformers are also used to 
divide drive power between two ampli¬ 
fiers whose outputs will be combined. 
This helps to keep phase relationships the 
same in each amplifier. If more than two 
amplifiers are to be combined, they must 



be combined in groups of two. The drive 
signal is first split into two signals, then 
into four. Two pairs of outputs are 
combined to form two signals; these 
signals are then combined to form one 
high-power output. Note that the input 
impedance of the hybrid transformer and 
the difference load resistor are twice the 
output resistance. 


j, f 



fig. 13. Hybrid transformers, such as the one 
shown here, can be used to combine the 
outputs from two amplifiers. 

class-D rf amplifier design 

Designing a class-D rf amplifier is 
generally easier than designing a class-B or 
-C rf amplifier stage. There are no gain- 
variation, base-bias, neutralization or 
unequal-current problems to worry 
about. As with class-D audio amplifiers. 



you start at the output and work back¬ 
wards. 

I decided to try to design and build a 
50-watt class-D power amplifier for 160 
and 80 meters (and maybe 40). The 
circuit that resulted is shown in fig. 14. 
The first step is selecting the Q of the 
output circuit. I chose a Q of 5 which 
meant that L3 and C6 must have react¬ 
ances of 250 ohms at the midband 
frequency. This value of Q reduces the 
third harmonic to 33 dB below the 
carrier. 

The next step is to determine the 
output voltage and current. The peak 
voltage and peak current into the 50-ohm 
load are found from 

v p = yf 2RP = \/ 2-50-50 = 70.7 volts 
i p = Vp/R = 70.7/50 = 1.41 amp 

The peak value of square-wave voltage at 
the input of the tuned circuit which will 
produce this peak output is 

v swp = 70.7 = 55.5 volts 

If no matching were used, the transistors 
would have to withstand 111 volts or 



The Gates Radio Company VP-100 is a 100-kW a-m broadcast transmitter which uses a class-C rf 
amplifier and a class-D modulator. The modulator switches at 75-kHz and has an efficiency of about 
90%. Overall efficiency is about 65%. The rf output circuitry is on the left, the PA and modulator 
are in the middle, and the power supplies are on the right. 
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more on their collectors. It is convenient 
to use a 4:1 matching transformer which 
reduces the square-wave voltage swing to 
27.8 volts and increases peak current to 
2.83 amps. These values are much more 
suitable for commercially available tran¬ 
sistors. 


I decided on the push-pull circuit rather 
than the quasi-complimentary configura¬ 
tion because I was already using a match¬ 
ing transformer and because a 28-volt 
power supply is easier to come by than a 
56-volt supply. Capacitor C5 provides an 
ac ground for the transformer center tap. 



C3 

C6 


1-1 


L2 



141 mA 

50-380 pF trimmer, Arco 465 (1.9 MHz, 

230 pF; 3,75, 116 pF; 7.15 MHz, 61 pF) 

50-400 pF variable, 400-volt peak (1.9 
MHz, 353 pF; 3.75 MHz, 170 pF; 7.15 
MHz, 89 pF) 

160 meters 63 turns no. 30 on Perma- 
core 57-1753 core (30.5/UH) 

80 meters 44 turns no. 26 on Perma- 
core 57-1753 core (15.4^iH) 

40 meters 36 turns no. 26 on Perma- 
core 57-1677 core (8.1/1H) 

16 turns no. 26 on Permacore 56-3596 
ferrite core (1.0 jU]H) 



T1 primary is 5 turns no. 26 enamelled on 
Ferroxcube 226T125-3E2A ferrite core. 
Secondary windings are each 25 turns 
no. 26 on same core 

T2 primary is 8 turns no, 20 enamelled wire 
wound through 6 Ceramic Magnetics 
CN-20 cores (two parallel stacks). 
Secondary is 4 turns no. 20, center- 
tapped, through same cores (see text) 


L3 160 meters 52 turns no. 26 on Perma¬ 
core 57-1753 core (20.9 {jLH) 
80 meters 42 turns no. 26 on Perma¬ 
core 57-1677 core (10.6/1H) 
40 meters 30 turns no. 26 on Perma¬ 
core 57-1677 core (5.6 /JLH ) 


T3 primary is 4 turns no. 20 enamelled wire, 
center-tapped to C5, wound through 12 
Ceramic Magnetics CN-20 cores (two 
parallel stacks). Secondary is 4 turns no. 
20 through same cores (see text and 
fig. 15) 


fig. 14. Class-D rf power amplifier for 160, 80 and 40 meters provides more than 35 watts output 
with collector efficiencies of 90% or more. Construction of transformer T3 is shown in fig. 1 5. 


If the saturation voltage is 1 volt, the 
collector supply voltage, V cc , must be 
28.5 volts, and the collector voltage will 
swing between 1 and 56 volts. The dc 
current required is 


•d< 


2i 

n 


p 2 : 2.83 


n 


= 1.80 A 


and the L2-C4 combination keeps rf out 
of the power-supply wiring. 

Now the driving circuitry must be 
designed. It is convenient to drive the 
bases of transistors Q3 and Q4 through a 
push-pull transformer to insure that they 
are driven out-of-phase with respect to 
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each other. It is best to drive the bases 
with sine-wave current. 

While square-wave current might turn 
the transistors on a little more rapidly, it 
maintains a lot of charge in the base 
which must be removed before the tran¬ 
sistors will turn off. A check of switching 


two transistor bases is then 


P b = 


1 -0.142 


= 90 mW 


This means that the power amplifier has a 
power gain of about 27 dB! 

Since the drive power is only a small 



Authors experimental class-D power amplifier. Parts are in the same general locations as in the 
circuit diagram (fig. 14). Note that C6 is elevated by pieces of PC board. 


transistor characteristics will show that 
storage time (turn-off delay) is a much 
more serious problem than turn-on delay. 
Sine-wave current provides the base with 
only enough charge to sustain the collec¬ 
tor current, greatly reducing storage-time 
effects. 

If the output transistors have a current 
gain of 20, to insure saturation the base 
current in each transistor must be a half 
sine-wave with a peak value of 

ibp 20 142 mA 

The base voltage will rise to about 1 volt 
(or slightly less) when driven. When the 
current changes direction, the base be¬ 
comes an open circuit and its voltage 
becomes -1 volt. This is a reflection of 
the +1 volt potential on the base of the 
other transistor through transformer T2. 
The power which must be applied to the 


fraction of the total power this amplifier 
will require, driver efficiency is not too 
important. Almost any type of rf ampli¬ 
fier can be used for a driver — even 
untuned class-A. I found it more con¬ 
venient to use a quasi-complimentary 
class-D amplifier. I used a pair of relative¬ 
ly new fets for Q1 and Q2. These have 
greater stability and faster switching 
speed than most bipolar devices, and are 
easier to drive as well. 

The series-tuned circuit L1-C3 will 
allow only sinuosidal current to flow. 
Since harmonic suppression is not as 
important as in the power-amplifier stage, 

I used a Q of 2.5 for the driver. At the 
carrier frequency transistors Q3 and Q4 
have a base resistance of 

R b = ^ 0 ^ 42 1 = 8-^7 ohms 
It would be difficult to build a 90-mW 
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driver with a 9-ohm load line, so T2 has a 
turns ratio of 4:1. This multiplies the 
impedance by 16, resulting in a 145-ohm 
load line. The ±1 volt base voltage will be¬ 
come ±4 volts on the input of T2. The cur¬ 
rent input to T2 has peaks of about 35 mA. 

When saturated, the fets become 
45-ohm resistors. This causes a voltage 
drop. To correct for this voltage drop, it 
is necessary to increase the supply volt¬ 
age, V DD . If there were no voltage drop 
through the fets, V DD would be 8 volts 
to allow a ±4-volt swing. With the correc¬ 
tion, 

145 + 45 

V DD =8 • li T 45 ^= 10.5 volts 

The driver dc input current is 11.1 mA 
(35/7t) so the driver power input is 

P D = (10.5) (0.011) = 117 mW 

The driver efficiency is about 77%. 

It is not a good idea to try to operate 
the driver from a 10.5-volt power supply. 
Remember that the value of 10.5 volts is 
related directly to the nominal 1-volt base 
saturation voltage. This was not an exact 
value to start with, and even if it were, it 
would vary slightly with temperature, 
col lector current, etc. If V DD were fixed at 
10.5 volts and the base voltage decreased 
slightly, only the fet saturation resistance 
would limit the current. For this reason, 
it is better to use a higher voltage supply, 
V s , and to provide a resistor to absorb 
changes in the base voltage. I used a Ik 
resistor and a 21.6-volt supply, which 
made it easy to monitor drive current. 
With this resistor the overall drive effi¬ 
ciency is about 37%, but the 240-rnW 
total drive power is still less than one- 
percent of the power-amplifier power. 

The fets are saturated by applying a 
15-volt peak sinusoidal gate-to-source 
voltage. The 1:5 turns ratio of T1 permit¬ 
ted driving them from a 3-volt source. 
Since the fets have a very high input 
impedance and require essentially no in¬ 
put power, it was necessary to load the 
secondary windings to produce an 
approximate 50-ohm input impedance. 

Transformers T2 and T3 are made by 
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running enamelled wire through two par¬ 
allel stacks of ferrite cores as shown in 
fig. 15. Transformer T3 has four turns in 
the output winding and two turns in each 
side of the input; T2 has two turns in 
each side of the output and eight turns in 
the input winding. Since I had the smaller 
size cores, twelve cores were required for 
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The Continental Electronics 314(E) is a 2-kW 
CW/MCW all solid-state transmitter for 275 to 
530 kHz. It uses a push-pull class-D rf amplifier, 
and has an overall efficiency of 70% or better 
with load vswr as high as 3:1. Photo courtesy 
J.D. Rogers. 


T3 and six for T2. The length of the 
individual cores is not important but the 
length of the transformer is, so if you 
have longer cores, use fewer of them. 
Both T2 and T3 show a phase angle of 
10° or less on 160 and 80 meters. On 40 
meters and up, series inductance appears. 
The series-tuned circuits can tune out this 
inductance on a particular frequency. 

Two possibilities for Q3 and Q4 are 
the 2N5262, a switching transistor, and 







the 2N3632, an rf transitor. Either tran¬ 
sistor should handle the required current 
and voltage. Since 2N5262s were con¬ 
siderably cheaper, I decided to use them. 
It's my guess that rf transistors would be 
less efficient but more rugged. Clip-on 
heatsinks will reduce thermal stress on Q3 
and Q4. 

My amplifier was built on a double¬ 
sided PC board to insure a good ground 
plane. Layout is not critical, but remem¬ 
ber that a 1.8-MHz class-D amplifier 
contains energy at frequencies much 
higher than 1.8 MHz. 

The driver and power amplifier tuning 
coils are wound on 0.680-inch (17-mm) 
OD rf toroid cores. All have a measured Q 
of 190 or more. The Q of these inductors 
is very important since it determines the 
amount of power they absorb from the 
output. The fraction of power lost to the 
coil is the ratio of circuit Q (5 for the 
output) to the inductor's unloaded Q. An 
inductor with a Q of 200, for example, 
causes a 2.5% reduction in efficiency. 
Remember that winding coils, like wind¬ 
ing transformers, is a black art. Don't 
think you can improve the Q by using 
larger wire — you will decrease the self¬ 
resonant frequency and the Q because the 
interwinding capacitance is increased. 

Test the driver first, with power 
removed from the power amplifier stage. 
Tune the driver for peak input current (if 
tuning for peak current seems strange, 
remember that this is series tuned, where¬ 
as most class-C power stages are parallel 
tuned). Input current should not exceed 
16.6 mA, as this corresponds to the 
50-mA peak current rating of the fet. 
Also, V s should be kept at 25 volts or 
less. If the bases of Q3 and Q4 suddenly 
open, V DD will go up to V s . The driver 
should work on 160, 80 and 40 meters. It 
will also work on 20 if you reduce LI to 
compensate for the series inductance of 
T2. You can tell when the input signal is 
large enough by whether any further 
increases produce increases in the dc 
current. 

Now for the final. Always turn the 
driver on first (and off last). This circuit 


is not designed to have both Q3 and Q4 
on at the same time, so it will oscillate, 
probably destroying the transistors. Start 
V cc at zero and bring it up to 3 or 4 volts 
so you can measure the output. In the 
absence of an output meter, tune for 
peak dc current. Tune the power ampli¬ 
fier only at very low voltages. When the 
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fig. 15. Layout of the output transformer (T3 
in fig, 14). Primary is 4 turns no. 20 enamelled, 
center-tapped to C5 ( wound through 12 CN-20 
ferrite cores (two parallel stacks). Secondary is 
4 turns no. 20. 

load is reactive (mistuned), large voltage 
spikes are generated, and these will usual¬ 
ly destroy the transistors. After the stage 
is tuned up, increase V cc gradually. 
Check to see that Q3 and Q4 are satur¬ 
ated by slightly varying the drive (V s ). If 
there is any variation in the output power 
or dc input to the final, it needs more 
drive. 

I first tested the amplifier at the 
10-watt level on all three bands. I measur¬ 
ed collector efficiencies of 95%, 92% and 
89% on 160, 80 and 40 meters, 
respectively. As you increase V cc , effi¬ 
ciency will improve because the satura¬ 
tion voltage becomes less significant. The 
power supply I was using was limited to 
1.5 amps so the transmitter was limited 
to an output of 38.5 watts on 160 
meters. To obtain this output, however, I 
had to increase the drive to its maximum 
(16.6 mA dc input). The specified current 
gain of the 2N5262 is 25 at 1 amp of 
collector current. Apparently the current 
gain drops to approximately 10 at 2.5 to 

October 1974 SB 23 







3 amps of collector current. On 80 meters 
an output of 32 watts required maximum 
drive. Winding T2 with a 5:1 turns ratio 
would probably provide enough drive for 
50-watts output. 

I tried the amplifier on 20 meters and 
this eventually resulted in two dead tran¬ 
sistors. Although the bottom of the 
collector voltage waveform remains 
square, ringing due to transformer induc¬ 
tance and stray capacitance continues for 
most of the time the transistor is off. 
Although I measured 63% efficiency at 
about 1-watt output, the amplifier has a 
tendency to oscillate and to divide 
frequency. However, I think the circuit 
would work on 20 meters with different 
transformers. The series inductance can 
only be tuned out at the fundamental 
frequency, and the reactances at the 
harmonic frequencies make it difficult to 
obtain the half-sinusoidal current wave¬ 
forms required in class-D operation. 

The variation of output voltage with 
supply voltage is very linear, and driver 
feedthrough is only a few milliwatts, so 
the power amplifier should be suitable for 
a-m or ssb service (using the EER tech¬ 
nique). It might be a good idea to include 
an automatic phase comparison circuit 
which would reduce the collector voltage 
when the output was mistuned (reactive). 
Such a circuit would be essentially the 
same as the vswr protection circuits used 
in early solid-state rf power amplifiers. 

modulation 

All of the class-D rf amplifiers dis¬ 
cussed so far are constant carrier (am¬ 
plitude) types. If these amplifiers are 
to be used for a-m or ssb service, they 
must be modulated. Modulation is most 
easily accomplished by varying the 
collector supply voltage with a class-D 
audio amplifier. For ssb service, this is an 
application of the envelope elimination 
and restoration technique discussed 
earlier. The use of both class-D audio and 
rf amplifiers produces a highly efficient 
linear rf amplifier. Collector modulation 
of the class-D rf amplifier is very linear 
and there is no need to modulate the 
driver (in a class-B or -C amplifier, both 
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the power amplifier and the driver must 
be modulated to prevent overdrive). 14 

Pulse-width modulation can be adapt¬ 
ed to produce a modulated rf carrier as 
shown in fig. 16. Because the carrier 
component of a pulse train is proportion¬ 
al to the sine of the pulse width, rf 
pulse-width modulation (PWM) must be 
generated by comparing the desired mod¬ 
ulation to a full-wave rectified cosine 
wave at the carrier frequency. The output 
amplifier may be either monopolar or 
bipolar. 13 

Bipolar rf PWM has essentially no 
splatter due to non-linear modulation of 
the harmonics of the carrier. Although 
the rise times required by rf PWM are no 
higher than those required by a constant- 
carrier class-D rf amplifier, rf PWM re¬ 
quires switching stages to be controlled as 
in audio PWM, and this makes it much 
more difficult to implement. You might 
be able to build an rf PWM amplifier for 
operation on 160 meters, but with pre¬ 
sent devices, it would be difficult to use 
at much higher frequencies. 

vacuum-tube circuits 

If you are thinking about a legal limit 
transmitter, you might consider using 
vacuum tubes. Power handling capabili¬ 
ties are much greater than those of 
transistors, and filament power need not 
be counted as part of the input power. 
The same configurations apply to tubes as 
well as to transistors. A vacuum tube can 
be turned off quite efficiently by driving 
the grid negative, and this consumes very 
little power. Driving the grid positive 
forces the tube to saturate, causing it to 
act like a resistor. However, driving the 
grid positive causes grid current to flow 
and consumes drive power. 

What you can obtain with tube switch¬ 
es must be determined by using the 
characteristic curves of the tubes you 
plan to use. Generally the saturation 
losses will be greater than those of tran¬ 
sistor amplifiers. However, the output 
matching networks may be more effi¬ 
cient, and saturation losses occur in class- 
B vacuum tube amplifiers as well as 
class-D amplifiers. 



When an application calls for a power 
level or frequency where class-D opera¬ 
tion is impractical, there are several other 
types of amplifiers which have efficien¬ 
cies better than that of class-B. These 
include class-C, of course, and a couple of 
amplifier circuits which don't really 
operate as class-A, -B, -C or -D. Since the 
envelope elimination and restoration 


amplifier has the same basic circuit (fig. 
17) as a class-A or -B linear amplifier, but 
it is biased and driven so the transistor 
conducts current for less than half the 
time. Current is thus drawn through the 
transistor when the voltage is lowest, 
resulting in less power consumption. 

The reduced conduction angle can be 
obtained at various combinations of bias 



+ V„/2 
0 


O-IL- L- - - 

MONOPOLAR. PULSE TRAIN 

0 2 JL ir J \j r \j r_ Lj 


BIPOLAR PULSE TRAIN 


+ 2V C c'TT 
O 

-2V CC /TT 

OUTPUT 

fig. 16. Radio-frequency pulse-width modu¬ 
lation system. 



technique makes it possible to use non¬ 
linear rf amplifiers in linear service it is 
possible to design the rf amplifier for 
efficiency rather than linearity. 

Class-C operation has been used for 
many years to build rf amplifiers with 
improved efficiency. 19 - 20 A class-C 


and drive, and the current pulse need not 
be exactly sinusoidal. There are some 
general rules for class-C operation: 

1. Any deviation from class-B (or class- 
A) produces a nonlinear amplifier. 

2. Reducing the conduction angle will 
improve the efficiency, with efficiency 
approaching 100% as the conduction 
angle approaches zero. 

3. As the conduction angle is reduced, 
either output power will decrease or peak 
collector current will increase. 

4. The necessary increase in drive power 
is approximately inversely proportional to 
the conduction angle. 

These rules will help you to estimate 
what performance can be obtained by 
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converting a class-B amplifier to class-C. 
Class-C can be used to obtain higher 
efficiency, but it won't be a panacea 
because drive requirements and peak cur¬ 
rent will increase with increasing 
efficiency, 

envelope feedback 

A technique called envelope feedback 
can be used to make a nonlinear rf 
amplifier operate as if it were linear, 


ordinary ssb signals. To keep the feed¬ 
back loop from oscillating, it is necessary 
that the open-loop gain (point A to point 
E in fig. 18) be zero for frequencies with 
180° or more phase shift. Many books 
have been written on feedback theory, so 
I will not go into it any deeper. 

Class-C amplifiers are an ideal applica¬ 
tion of envelope feedback. The bias net¬ 
work normally used to bias a class-B 
transistor amplifier slightly into conduc- 
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fig. 18. The envelope feedback technique shown here can be used to make a non-linear rf amplifier 
operate as if it were linear {see text). 


provided there is some sort of gain 
control which can be applied. 21 Basic¬ 
ally, this technique uses a feedback loop 
to look at the desired output and the 
actual output, and correct amplifier gain 
so the two are equal. 

Envelope feedback is not a new idea, 
but today it is much easier to implement 
due to the abundance of integrated cir¬ 
cuits. It is no different from other audio 
feedback and requires a frequency 
response from dc to about 10 kHz for 



fig. 17. Basic solid-state class-C rf amplifier 
circuit. 


tion can be eliminated and the resulting 
nonlinearity corrected by feedback. Elim¬ 
inating the bias network will result in 
power savings without further reducing 
the conduction angle. A wide-range gain 
control must be used ahead of the power 
amplifier to reduce the drive. Another 
possibility is to control the bias of the 
stage itself; more negative bias means a 
smaller conduction angle and less output. 

multiple tuning 

The multiply-tuned rf power amplifier 
uses only a single switching transistor and 
can (ideally) have an efficiency of 100 
percent. 22,23 The transistor operates as 
if it were part of a class-D voltage¬ 
switching amplifier. When the transistor is 
off, the current path is provided by a 
complex tuning network rather than a 
second transistor. This type of amplifier 
has been given a different name by 
practically every author who has written 
about it; some of the names are: 
optimally-loaded and overdriven class-B, 
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multiple-resonator class-C, single-ended 
class-D, and class-CD. My own name is 
class-E. This technique is particularly 
useful at vhf where driving a pair of 
transistors 180° out of phase becomes 
difficult. 

A voltage-switching class-D amplifier 
has a square-wave voltage and half-wave 
rectified sine-wave current, arranged so 
that one or the other is always zero in 
each transistor. Examination of the wave- 


parallel-tuned traps can be replaced by a 
quarter-wavelength transmission line as 
shown in fig. 20. The parallel-tuned out¬ 
put circuit provides a short-circuit to all 
harmonics. The quarter-wave line trans¬ 
forms the short-circuit into an open- 
circuit for odd harmonics and a short- 
circuit for even harmonics. In addition, it 
can be used to transform the actual load 
resistance to the desired load line. If the 
characteristic impedance of the line is R 0 , 



fig. 19. Basic multiple-resonator rf power amplifier. Practical circuit is shown in fig. 20. 


forms reveals that the voltage waveform 
contains a fundamental and odd harmon¬ 
ics, while the current waveform contains 
a fundamental and even harmonics. To 
maintain both waveforms with a single 
transistor requires an output network 
which is resistive at the carrier frequency, 
a short-circuit to even harmonics, and an 
open-circuit to odd harmonics. The series 
of parallel-tuned circuits in fig. 19 pass 
even-harmonic current freely while pre¬ 
venting odd-harmonic current from 
flowing. The parallel-tuned output circuit 
passes the even-harmonic current to 
ground and forces the fundamental fre¬ 
quency current into the load. Ideally, the 
transistor consumes no power since it 
always has either zero voltage or zero 
current. 

When this technique is used at lower 
frequencies, only resonators for the fun¬ 
damental frequency and third harmonic 
are usually used, and the circuit is re¬ 
ferred to as "third-harmonic peaking." 
Efficiencies of 90-percent have been 
reported. 

At higher frequencies the series of 


and the actual load resistance is R L , the 
load line is 

R = R 0 2 /R l 

The circuit shown in fig. 20 can be 
adapted to a 300-mW walkie-talkie for 10 
or 6 meters (or 2 or VA meters, too, if 
you're very careful about how you put it 
together). I tested it at 25 MHz and 
measured 73% efficiency.* The output 
circuit has a Q of 3, and the transmission¬ 
line transforms the 50-ohm output to a 
300-ohm load line. 

When saturated, the fet becomes a 
resistor (about 45 ohms in this case). 
Since the fet requires negligible drive 
power, it should be possible to obtain the 
16-volt peak sine-wave drive directly from 
the oscillator tank circuit, eliminating the 
need for a driver. Remember that match¬ 
ing could also be accomplished with a 
pi-network—this would allow the use of 
other transmission-line impedances. 

"This circuit was the author's entry in Sig- 
netics' D-mos fet contest and will be the subject 
of a future Signetics Applications Note. 

October 1974 &S 27 










C2 78-pF variable {E.F. Johnson 158-4) T1,T2 11 turns no, 26 twisted pair on perrna- 

L1 2.2 rf choke {Deievan 1025-28) core 57-2656 or Micrometals T30-6 core 

L2 106 nH (4 turns no. 26 wire on Perma- T3 piece of 125-ohm coaxial cable (PG- 

core 57-2656 or Micrometals T30-6 core) 63B/U), 112.2” (2.85 meters) long 

fig. 20. This 300-mW multiply-tuned rf amplifier designed for operation on 25 MHz has efficiency of 
73%. In this circuit transformer T3 is a section of coaxial transmission line. 

capacitor-shunted switch the current flowing into the circuit 

through the rf choke and that flowing in 
The capacitor-shunted switching (CSS) the output either flows through the tran- 

amplifier is another type of rf amplifier sistor (when it is on) or charges the 

which uses a single switching transistor capacitor (when the transistor is off). The 

and doesn't behave like any of the four fundamental frequency component of the 

standard amplifier classes. 24 I sometimes collector voltage is the voltage which 

call it class-F (for far-out). Instead of appears across the load, 

regarding collector capacitance as an im- Any energy stored in the capacitor at 

pediment to its operation, the CSS am- the time the transistor switches on will be 

plifier uses it as an integral part of dissipated in the transistor. Recently, Sokal 

the circuit. discovered that mistuning the resonant 

The shunt capacitor (fig. 21) provides circuit so that it is inductive causes the 

a current path when the transistor is off. capacitor voltage to drop to zero at the 

The rf choke acts as a constant dc current time the transistor switches on, producing 

source. The series-tuned circuit forces 100% efficiency. 2 5 

sinusoidal current to flow into the load. Analyzing this amplifier is fairly com- 

and has a high input impedance to har- plicated, but the resulting design equa- 

monic voltages. The difference between tions given by Sokal are fairly simple: 



fig. 21. Capacitor-shunted switching (CSS) 

amplifier can provide operating efficiencies where Q is the Q of the Output circuit, 

of nearly 100%. Adjustment for peak efficiency may be 
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somewhat critical, and the amplifier will 
have inefficiency due to saturation volt¬ 
age and rise time, just as a class-D 
amplifier does. However, the simplified 
output circuit {compared to multiple 
tuning) and reduced driving problems 
{compared to class-D) may be worth it, 
especially at vhf. 

summary 

In this article I have tried to give an 
overview of high-efficiency amplifiers, 
particularly class-D amplifiers, which 
might be useful to amateurs. There are a 
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Log-periodic antenna texts provide little 
information on methods of getting a 
practical transmission line matched to the 
antenna feedpoint. References 2, 5 and 7 
describe methods of matching and feed¬ 
ing vhf log periodics by use of boom 
balun to coax matches, but most of these 
systems are not suitable for high- 
frequency log periodics. 

The original log-periodic antennas 
built here 9 were first fed by using a 1:1 
balun with the balanced winding across 
the normal short-element feedpoint. 
Although the swr was relatively low 
across the 20-meter band and not too bad 
on 15, there was some variation between 
these two bands. On 10 meters there were 
some bad swr excursions when going 
from 28.0 to 29.7 MHz, some exceeding 
2.5:1, showing a bad mismatch on these 
higher frequencies. Equipment was not 
readily available to make a complete swr 
run over the antenna's entire bandwidth, 
14 to 30 MHz. 

Though some of the vhf references 
i, 2 ,3,etc. indicate that the swr could be 
expected to go up to 2.5:1 over a log 
periodic's bandwidth, it was felt this 
could be improved by a better matching 
system between the transmission line and 
the antenna. Upon checking several log 
periodics at the normal short-element 
feedpoint using the Omega Antenna 
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Noise Bridge, it was noted that there was 
considerable variation in impedance over 
the three bands. 

analysis 

Upon anaylzing this result it became 
evident that the active or driven elements 
(one-half wavelength long at a specific 
frequency) were at various electrical dis¬ 
tances (1/4 wave-wise) from the feed- 
point. In fig. 1 for example, the second 
element, which is the driven element on 


with a feedline which is a half-wavelength 
long. This was confirmed by tests with 
the bridge on 20 meters. 

Consider the situation on 15 meters. 
Element 6 is a half-wavelength long on 
that band so it becomes the active or 
driven element. It is located about 16.5 
feet (5.1 meters) from the feedpoint, but 
a quarter-wave of open-wire feedline on 
15 is about 11.25 feet (3.4 meters) and a 
half-wave about twice that long (22,5 feet 
or 6.9 meters). Thus, the feedpoint is 



fig. 1. A 12-element three-band log-periodic antenna showing the electrical relationship of the 
extended feedpoint to the driven element on each of the three bands. 


20 meters, is 35 feet (10.7 meters) or 
approximately a half wavelength to the 
rear of the feedpoint at the front of the 
antenna. Since previous tests with the 
antenna bridge had indicated the driven 
element exhibited 30 to 33 ohms input 
impedance, it can be assumed that this 
impedance would be repeated at the 
feedpoint since the two are connected 


about halfway between a high- and low- 
impedance point on 15 meters. 

Looking at 10 meters, element 9 is 
about 16 feet (5 meters) long so it is the 
active element on that band. It is about 
6.5 feet (2 meters) to the rear of the 
feedpoint. A quarter-wavelength feedline 
on 10 meters is about 8.4 feet (2.6 
meters) and a half wave, 16.8 feet (5.2 
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meters). Again, the feedpoint is at an 
intermediate point with respect to the 
active element. 

In summary, it will be noted that 
although the feedpoint at element 12 
presents a fairly predictable impedance 
on 20 meters, it presents a highly variable 
match on 15 and 10. This was confirmed 


wavelength open-wire line acts as a 
matching transformer. 

The low and high impedance points 
along the open-wire line for each of the 
three bands are shown in fig. 1. Incorpo¬ 
ration of this modification extends the 
feedpoint 17.25 feet (5.3 meters) forward 
of the short-element end of the antenna. 


19‘ 34 45 ’ 4705’ 57.2' S5.5’ 

0 (58m) 00.5m} 04 4m) (174m) (200m) 



TO 4<l BALUN 
COMMON HIGH 
IMPEDANCE 
FEED POINT 


IOM 


I5M 


20M 


fig. 2. An extended 12-etement three-band log periodic with a 5/8-wavelength extended-feed 
matching system. 


by swr readings across each of the three 
bands. 

moving the feedpoint 

By extending the open-wire feedline 
toward the antenna apex as shown in fig. 
1, a point is reached near the apex where 
elements 2, 6 and 9 are all about 3/4 
wavelength from this common, higher 
impedance, feedpoint for their respective 
bands. The impedance at this point 
appears to be on the order of 200 to 300 
ohms, so it can be fed with 50-ohm coax 
through a 4:1 balun with a satisfactory 
match on all three bands. The 3/4- 


In fig. 2 the same principle of an 
extended open-wire feeder is applied to 
matching a longer log periodic with a 
70-foot (21.4-meter) boom length and 
22-degree apex angle. This requires an 
open-wire feeder 5/8-wavelength long to 
reach the common-impedance feedpoint, 
also approximately at the apex angle. In 
this case the open-wire feeder has been 
extended 27 feet (8.2 meters) from the 
center of the short element. Note that 
these extended feeders can hang down 
from the short-element end of the 
antenna if necessary; they need not be 
extended horizontally as shown. 
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fig. 3. A 5-element, 40-meter monoband log 
periodic. The center of the short element is just 
a quarter wavelength from the driven element, 
providing an optimum feed point. 

The longest 20-, 15-, and 10-meter log 
periodic in use here (17 elements, with a 
100-foot (30.5-meter) boom and 16 
degree apex angle) requires seven 
quarter-wavelengths between each active 
element and the common feedpoint. 14 
Further, it will be noted that any active 
element on any of the antennas shown is 
an odd number of quarter wavelengths, 
three in fig. 1 or five in fig. 2, from the 


common feedpoint. For example, ele¬ 
ment 4 in fig. 2 is 28 feet (8.5 meters) 
long and will resonate at 16.7 MHz. It is 
approximately 5/4-wavelength from the 
common feedpoint at this frequency, so 
we can therefore assume that this antenna 
is a true log periodic. 

The monoband log periodics of fig. 3, 
tested here on 10, 15, 20 and 40 meters 
in 5-element versions (some 4- and 6- 
element types were also tested) have all 
had element 2 exactly a quarter wave¬ 
length from the high-impedance, short- 
element feedpoint. These have worked 
extremely well using a 4:1 balun to 
match them to coaxial transmission lines. 
The swr has been relatively low across 
each band. 

Similarly, the single-band vertical mono¬ 
pole log periodics of fig. 4, tested on 40 
and 80, also used the quarter-wavelength 
feed and were similarly flat. 15 The swr 
readings on the 80-meter version were: 


4.0 MHz 

1.25:1 

3.9 MHz 

1.4:1 

3.8 MHz 

1.2:1 

3.7 MHz 

1.1:1 

3.6 MHz 

1.2:1 

3.5 MHz 

1.2:1 


similar approach 

This system for feeding log-periodic 
antennas was believed to be original at 


fig. 4. Overall view 
of the five-element 
vertical monopofe 
log periodic. Con¬ 
struction details and 
dimensions are 
shown in fig. 5 and 
table 1. 
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table 1- Vertical monopole log-periodic antenna dimensions (5-element arrays). 


frequency in MHz 


element 

3.5-4.0 1 

3.8-4.0 2 

7.0-7.3 2 

14.0-14.35 1 

El 

70’ (21.4 m) 

65’ (19.8 m) 

35* (10.7 m) 

17.5’ (5.3 m) 

E2 

67' (20.4 m) 

62’ (18.9 m) 

33* (10.0 m) 

16.5’ (5.0 m) 

E 3 

58’ (17.7 m) 

55’ (16.8 m) 

28* ( 8.5 m) 

14.0’ (4.3 m) 

E4 

50’ (15.3 m) 

45’ (13.7 m) 

24.5* ( 7.5 m) 

12.2' <3.7 m) 

E5 

43' (13.1 m) 

40' (12.2 m) 

20* ( 6.1 m) 

10.0’ (3.0 m) 

Si 

30’ ( 9.2 m) 

26’ ( 7.9 m) 

14* ( 4.3 m) 

7.0’ (2.1 m) 

S2 

27' ( 8.2 m) 

24’ ( 7.3 m) 

13* ( 4.0 m) 

6.5’ (2.0 m) 

S3 

24 r ( 7.3 m) 

23’ ( 7.0 m) 

12* ( 3.7 m) 

6.0’ (1.8 m) 

S4 

19* ( 5.8 m) 

18’ ( 5.5 m) 

9* ( 2.7 m) 

4.5’ (1.4 m) 

total 

length 

100* (30.5 m) 

91’ (27.8 m) 

48* (14.6 m) 

24’ (7.3 m) 

mast 

height 

80* (24.4 m) 

75’ (22.9 m) 

50* (15.3 m) 

30’ (9.2 m) 

pole 

height 

45* (13.7 m) 

40’ (12.2 m) 

25* ( 7.6 m) 

20’ (6.1 m) 


1, Calculated design, not actually built and tested. 

2. Built and tested design, with measured swr under 1.5:1 over frequency range shown. 


the time I worked it out. However, 
after it was mentioned briefly in a pre¬ 
vious article 9 it was learned that Ray 
Rosenberry, K8EBF, developed a similar 
method that was described and covered 
by his patent of 16 February, 1971, 
which covers "Broad Band Transformer 
Antenna and Related Feed System." 13 
Therefore, I do not claim the odd 
quarter-wavelength feed method for log 


periodics to be original. K8EBF and I 
have since exchanged several letters 
regarding these log-periodic feed 
methods. 

In any case, it is hoped the above 
information on improved methods of 
feeding log-periodic antennas will be help¬ 
ful to amateurs using these interesting 
antennas. I would like to hear from 
anyone trying this technique. 



fig. 5. Construction details for a 5-element vertical monopole log periodic. Dimensions for 80, 75, 40 
and 20 meters are given in table 1. 
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ham radio 



“Ever since I bought that $450 receiver, I've 
had a communication problem — my XYL!“ 


ICS 


S3 



MOTOROLA 

T51G or T51GGV, 40-50 MHz., 

6 or 12 volt, 50 watts, vibrator $f 
power supply, fully narrow % 
band, less accessories 


T53GGD, 150-170 MHz., 6/12 
volt, 50 watts, dynamotor power *, 
supply, transmit narrow band, 
receive wide band, less acces¬ 
sories 


D43GGV-3100, 150-170 MHz., 
6/12 volt, 30 watts, vibrator * 
power supply, front mount with $ 
“private line” (less reeds), fully 
narrow band, with accessories 


FMTRU41V, 150-170 MHz., 6/ 

12 volt, 10 watts, vibrator pow- t 
er supply, front mount, trans- 
mit narrow band, receive wide 
band, with accessories 



R.C.A. 


CMFT50, 25-54 MHz., 12 volt, 

50 watts, transistorized power $-4 OQ 
supply, partially transistorized ^ 1^0 
receiver, fully narrow band with 
accessories 


CMCT30, 150-170 MHz., 12 volt, 

30 watts, transistorized power $Qft 
supply, fully narrow band, com- wO 
plete with accessories 


Now! Full line of 
G.E./T.P.L. Solid Slale 
2-way radios. 





:orp. 
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high-stability 

crystal 

The Goral oscillator — 
a new high-performance 
crystal-oscillator circuit 
that features excellent 
load capacitance correlation 
and temperature stability 


One of the most frustrating problems 
faced by a newcomer to the crystal 
manufacturing business is that of capaci¬ 
tance correlation of the oscillators. Al¬ 
though 32 pF has been the recommended 
standard for many years, few engineers 
seem inclined to use this value in their 
new circuits. In many cases the engineer 
gets the circuit working to his satisfaction 
and is reluctant to change any of the 
component values. Usually, the burden of 
correlation falls on the crystal supplier. 

A second problem, which is no less 
irritating, is that of activity requirements. 
The crystal vendor may supply perfectly 
good crystals, only to find that many will 
not oscillate in the user's circuit. 

While the crystal oscillator circuit to 
be described will not cure any of these 
past problems, it can certainly minimize 
them in the future. Although the oscilla¬ 
tor configuration (which is an adaption of 
the basic Colpitts circuit) may not be 
new, I am unaware of any similar designs. 
It was developed independently in the 
quartz crystal laboratory at SGC, Inc., 
and has the following features: 


36 EB October 1974 


oscillator 


* 

6 

c 


O 
C D 

CO 

o> 

c 

+3 

a> 


o 

a> 


CO 

Z 

H 

CO 


0J 

c 

o 

■f 

CO 


2 

<0 

c 

o 

a 


1. The ability to correlate at virtually 
any capacitance between 5 and 50 pF. In 
fact, the crystal will oscillate very close to 
its series-resonance point in this circuit. 

2. The ability to make crystals oscillate 
with equivalent series resistances (ESR) 
well above the Mil-spec maximum. The 
circuit is sufficiently active to oscillate 
quartz blanks which have not been plated 
during the manufacturing process. 

3. The temperature stability is essen¬ 
tially independent of the solid-state de¬ 
vices used. Capacitance variations due 
to the semiconductor junctions are virtu¬ 
ally swamped out due to the large shunt 
capacitance in the circuit. 

4. The circuit is easily adapted to "rub¬ 
ber" the crystal with semiconductor 
variable-capacitance diodes and exhibits a 
very wide pulling range due to its high 
activity. 

Colpitts oscillator 

The simplified circuit for the transis¬ 
torized Colpitts oscillator is shown in fig. 
1. Note that the rf ground has been 
shifted from the customary position at 
the collector. Oscillation occurs due to the 
180° phase-shift through the transistor and 
the additional 180° inversion across the 
tuned circuit represented by the crystal. 
The capacitor values are determined by 
the circuit impedance and frequency 
range. 

The basic circuit for the fet Colpitts 
oscillator is quite similar and is shown in 
fig. 2. Note that the rf ground has been 
moved to its customary position by by¬ 
passing the source (collector), leaving the 
drain (emitter) at an rf potential above 


*SGC, Inc., Frequency Control Division, 13737 
SE 26th Street, Bellevue, Washington 98005. 



ground. Thus, one end of all crystals in a 
bandswitching circuit can be grounded. 
The fet Colpitts circuit is also very useful 
because the temperature characteristics 
are excellent. The fet causes virtually no 
drift with temperature. 

Fig. 3 shows a practical application for 
the fet Colpitts oscillator. The values have 
been optimized for the 10-to-20-MHz 
range. Note that this circuit also incorpor¬ 
ates a leveling diode, CR1, that rectifies 
the rf voltage across the crystal. Thus, the 
more active the crystal, the more negative 
bias which is produced. This, in turn, 
reduces the gain of the oscillator. Thus 
high and low activity crystals tend to 
produce the same output voltage at the 
drain of the fet. 

Unfortunately, the fet Colpitts is not a 
particularly active circuit and seems to 
require lower resistance crystals than its 
transistor counterpart. Crystals with an 
ESR above 20 ohms appear to be quite 



fig. 1. Basic Cofpitts oscillator using an npn 
transistor. 

sluggish. In this instance, the ESR re¬ 
ferred to is measured at parallel resonance. 
This is the mode the crystals oscillate on 
in this circuit. 

The sluggishness of the fet circuit is 
due primarily to the shunt loading placed 
across the crystal by the netting capaci¬ 
tor, Cl, and the diode, CR1, If a variable- 
capacitance diode is used in the circuit (in 
addition to the netting capacitor), crys¬ 
tals with ESRs of less than 16 ohms are 
required for reliable starting. 

Goral oscillator 

Obviously, it is possible to make the 
basic fet Colpitts oscillator more active by 
operating it at higher drive levels. However, 


for best stability, the crystal drive level 
should be kept as low as possible, consis¬ 
tent with reliable starting. If the oscillator 
loop gain can be increased without 
increasing crystal current or substantially 
increasing drive level, the performance of 



fig. 2 . Basic Colpitts oscillator circuit using 
an fet. 

the basic Colpitts fet oscillator can be 
noticeably improved. 

This is what is done in the Goral 
oscillator circuit shown in fig. 4. While 
only a few components are added to the 
basic circuit of fig. 3, and the circuit 
changes are subtle, the difference in 
performance is extraordinary. Again, the 
component values are optimized for 10 to 
20 MHz. In this circuit transistor Q2 acts 
as an emitter follower to provide power 
gain for the feedback energy without 
changing the phase angle of the signal. 
The increased feedback permits increased 
values of C2 and C3 from those shown in 
fig. 3. This further increases the tempera- 


330 +9V 



fig. 3. Practical Colpitts oscillator using an fet. 
Component values have been optimized for the 
10- to 20-MHz frequency range. 
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ture stability of the circuit. Transistor Q3 
is a simple buffer to prevent oscillator 
loading. 

Don't be concerned by the strange 
numbers associated with the transistors. 
Device Q1 is a Motorola jfet and was 
selected because of its low cost ($.38 
each). Practically any junction-type field- 



fig. 5. A varicap may be used in the Goral 
oscillator, as shown here, to vary the output 
frequency from a variable dc source. 


effect transistor will work in the circuit 
without affecting performance. The 
MPS-5172 may also be an unusual num¬ 
ber. Again, it is the lowest cost Motorola 
rf small-signal device in their line ($.21 
each). There are HEP equivalents, but, 
frankly, they are more expensive because 



fig. 6. Using the Goral oscillator as a highly 
stable vfo. The L/C values are chosen for the 
desired output frequency. 

of the packaging. Again, transistors Q2 
and Q3 are totally non-critical and virtu¬ 
ally any general purpose npn rf type 
should work equally well. The age diode, 
CR1, is a 1N914 or 1N4148. 

Fig. 5 shows a simple variation to the 
basic Goral oscillator which incorporates 
a variable-capacitance diode. This allows 
the frequency to be varied with an exter¬ 
nal dc source (such as a clarifier on 
fixed-frequency ssb equipment) or modu¬ 
lated for fm applications. 

Although the circuit of fig. 6 is un¬ 
tested, it should make an outstanding vfo. 
Any temperature instability and drift 
which occurs in this circuit is the result of 
the tank circuit and not the devices or 
components. 

A printed-circuit board for a simple 
crystal test oscillator is shown in fig. 7. 
Note the only variation from fig. 4 is the 



high crystal activity without affecting the crystal drive level. Transistor Q3 
is the output buffer. Diode CR1 is a 1N914 or 1N4148. 
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fig. 7. Printed-circuit component layout for a simple crystal test set using the Goral oscillator. This 
same circuit board may be used for the circuit shown in fig. 4 (see text). Full-size PC board is shown 
in fig. 8. 



fig. 8. Full-size printed circuit board for a simple crystal tester. 


value of the gate resistor for Q1. Here it is 
reduced to 100k to permit reading the 
gate current (and, therefore, crystal activ¬ 
ity) on the meter. 


I wish to thank Pierre Goral, who 
developed the circuit, for his assistance in 
preparing this article. 

ham radio 
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simple 

tunable receiver 


modification 
for vhf fm 


Simple vfo adds 
all-channel 
receiving capability 
to two-meter fm 
transceivers 


I 


<0 

to 

CM 

© 

OS 


<0 

u 


u 

ro 

0) 

CO 


to 

ts 

03 

S. 

c 

to 


0) 

« 

4-> 

C/3 


to 

CO 

i-* 

us 

>-' 

it: 

> 

to 

CO 

S 

c 

s 

c 

co 

LL 


3 

03 

o. 


Vhf fm transceivers have become very 
popular for local communication, taking 
much pressure off the high-frequency 
bands, but the typical fm transceiver, 
with its limited number of channels, lacks 
the versatility that many hams desire. In 
Southern California, for example, every 
two-meter channel is occupied — some 
many times over — and trying to provide 
operating capability on each can be very 
expensive, whether the approach taken is 
multiple crystals or a frequency synthe¬ 
sizer. Yet most hams would like to 
operate, or at least have the capability to 
operate, on many channels. After 
operating for a while, mostly mobile, on a 
few channels that were already installed 
in the used rig I bought, I came to the 
conclusion that what I really needed was 
tunable receiving capability, not vast 
numbers of full channels. A tunable 
receiver permits me to listen in on other 
channels, perhaps finding one I'd like to 
try, or quickly eliminating others because 
of the geographical coverage, use of the 
repeater, or even the people on the 
channel. It's obvious, I believe, that some 
repeaters welcome new blood, whereas 
others are occupied by users who prefer 
to talk to the same people, just as is true 
in any social organization. 
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A tunable receiver also permits tuning 
the input of repeaters when malicious or 
accidental interference disrupts the fre¬ 
quency, making a little transmitter hunt¬ 
ing desirable. 

I developed the simple variable- 
frequency oscillator shown in fig. 1 to 
give me the tunable receiving capability 
needed for the relevant upper two mega¬ 
hertz of the two-meter band. It replaces 
the first crystal oscillator in an fm trans¬ 
ceiver, and tunes over the required range, 
generally one-third of the first injection 
frequency; i.e., it operates at approxi- 


follower output stage buffers the oscilla¬ 
tor, and the supply voltage is regulated by 
a zener diode. Stability is certainly ade¬ 
quate for the usual fm receiver, but I 
haven't checked it on one with a very 
narrow bandpass. 

None of the parts in the vfo seem 
exotic, and it should be possible for any 
active building ham to put it together in a 
few hours out of parts in his collection. 

The oscillator uses an inexpensive 
plastic field-effect transistor in a Colpitts 
circuit. The transistor is a member of the 
popular and large Motorola family whose 


390 



BOTTOM VIEW 

fig. 1. Schematic diagram of the receiving vfo for two^meter vhf-fm equipment. Fets Q1 and Q2 are 
MPF102 types (2NS668, 2NS669 are better). LI is 4 turns no. 16, Va M (13 mm) in diameter. 


mately 45 MHz for popular fm trans¬ 
ceivers, a frequency that can easily be 
changed if needed. 

The vfo can either be built into an 
existing transmitter, or into an add-on 
enclosure. The circuit itself is very small, 
and the potentiometer used to tune it can 
be placed remotely. 

circuit description 

The vfo uses a field-effect-transistor 
oscillator tuned by a tuning diode (vari¬ 
ously known as a Varicap, varactor or 
variable-capacitance diode). A source- 


Grandfather is the MPF102, but I recom¬ 
mend that you use one of the better 
specified versions rather than the 
MPF102, which has a very wide l DSS 
range. I used the MPF102, but ended up 
having to try different values of source 
resistance to get satisfactory results. 

The oscillator tank coil is a simple 
four-turn coil of heavy silver-plated wire. 
The silver is obviously not needed, but I 
found it easier to unwind a short piece of 
World War II vintage tank-transmitter coil 
than find tinned number-16 copper wire. 
A toroidal coil would also be suitable, 
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perhaps even necessary, for lower- 
frequency versions if you want to keep 
the vfo small. 

The circuit is tuned by an inexpensive 
Motorola tuning diode in a plastic TO-92, 
D-shaped case like that used for the fet 
oscillator. The particular diode used, the 
MV2201, has a nominal capacitance of 
6.8 picofarads, but any similar diode — 
even an expensive military type— is 
suitable. I used Motorola parts because 
they are widely available; the HEP ver¬ 
sions are quite suitable with the sole 
warning that their HEP802 fet appears to 
be like the MPF102, so the same warning 
about the source resistor applies. If it 
doesn't work, try another value of resis¬ 
tance. 

The varactor tuning makes it simple to 
tune the unit remotely, and to pick 
restricted ranges, but a small trimmer 
capacitor could also be used. In this case, 
construction is more complicated and 
critical. 

With a variable resistor for tuning, 
however, you can take a number of 
approaches. A simple 270° potentiometer 
will cover the band in one swing, but 
makes tuning a little tricky. One is easy 
to add to the front panel of a transceiver, 
however, and if the tuning range is 
restricted to part of the band, this should 
work. Use a composition pot, not a 
wirewound one, which tends to give 
step-wise tuning, and the steps aren't 
likely to be the ones you want. 

For best control and calibration, I 
recommend a ten-turn potentiometer and 
appropriate digital dial. With a 2000-kHz 
range, and close to 1000 divisions, repeat¬ 
ability and calibration is excellent. It 
won't be linear calibration, of course, 
though if you're a masochist, you could 
probably come close with proper selec¬ 
tion of component values and padding. A 
wire-wound pot is fine for this use since 
the steps are much smaller. 

It's also possible to use a switch and 
multiple resistive trimming pots for 
selecting specific channels. I still recom¬ 
mend that you have provision for variable 
tuning, however. 


You might notice the two diodes at 
the ground end of the potentiometer. 
These forward-biased silicon diodes raise 
the cold end of the pot about 1.4 volts 
above ground, ensuring that the varactor 
is reverse biased at any setting of the pot. 
They also help select the proper band- 
spread (with the 1500-ohm resistor and 
5000-ohm pot), and provide some tem- 



fig. 2. Suggested tuned circuits for obtaining 
higher output drive from the buffer stage. 


perature compensation for the varac¬ 
tor, at least in theory. I don't have the 
facilities for checking the latter, and am 
not ambitious or curious enough to find 
them. 

I highly recommend that you use 
quality mica capacitors in the frequency¬ 
determining tank circuit (and that 
includes all small value capacitors in the 
circuit except the 15-pF output 
capacitor). An unstable ceramic capacitor 
can be very frustrating, particularly if you 
use the unit in an unheated garage or 
automobile (admittedly not as big a 
problem in coastal Southern California as 
it is in Wisconsin or New Hampshire). The 
small rf choke, by the way, is not critical 
in value. The circuit works without it, but 
exhibits considerable amplitude variation 
across the tuning range. 

The buffer output stage is straight¬ 
forward, and uses the same type of 
transistor as the oscillator. The source 
follower configuration provides adequate 
drive for popular transistor rigs; if drive is 
inadequate, it might be necessary to 
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convert this stage to a tuned-drain ver¬ 
sion, as shown in fig. 2 (I haven't tried 
this, though). Even a broadly tuned rf 
choke might be adequate, but don't 
bother unless you try. Most quality rigs 
designed for fm don't require much drive; 
it would make the crystals drift. A 
converted military receiver might be 
another matter. 

The vfo operates from about 12 volts, 
with a 9- or 10-volt zener diode regulating 
the voltage to the transistors and tuning 
diode. Little current is required, but if 
you operate from small batteries, you can 
dispense with the zener and operate 
directly from 9 volts or so. The short¬ 
term variations should be small enough 
for the intended use. That's not true in a 
car, however. The supply voltage there 
often varies from 11.5 to 14.5 volts. 

construction 

The easiest way to make the vfo is 
probably to use a small peice of perfor¬ 
ated Vector board. An etched circuit 
board is prettier, but a lot of trouble if 
you're just making one. Do mount every¬ 
thing solidly, as in any vfo. I found fairly 
extensive filtering and shielding neces¬ 
sary, but this might not be critical out in 
the provinces. Before I shielded the unit, 
it received amateurs, Adam 12, aircraft 
and Alice Cooper, simultaneously. A 
shielded cable is vital for both remote 
control and output leads, also, 

installation 

The electrical installation is relatively 
straightforward; I'll leave the mechanical 
engineering to you. Simply unplug one 
crystal, and connect the output of the vfo 
to the hot end. In the Tempo FMP I use, 
the high end of the crystal is switched, 
and the low end is grounded through a 
small trimmer capacitor. Make sure that 
you connect the vfo and cable ground 
directly to the transceiver ground, not 
through this trimmer. Use the shortest 
lead possible, and a direct ground. 

I recommend Teflon-insulated minia¬ 
ture cable, not RG-174/U with its soft 
plastic insulation. Most of the fm rigs are 


tiny, and burning plastic insulation looks 
and smells horrible. By the way, the 
battery compartment of my Tempo FMP 
has space for the vfo. 

One warning: It is possible for the 
crystal oscillator in the rig to take off 
when you attach the input lead to it, but 
this can be prevented by installing a small 
rf choke in the lead from the vfo right at 
the crystal socket. A couple of small 
ferrite beads may do the job. If worst 
comes to worst, you might even have to 
ground the emitter of the crystal oscilla¬ 
tor transistor through a bypass capacitor 
of, say, 470 pF, when using the tunable 
vfo. I didn't have any trouble with one 
vfo I built, but the other needed the rf 
choke. 

calibration 

I suggest that you make sure the vfo is 
working properly before you install it, as 
the installation will undoubtably be a 
little tedious if you put it in a transceiver. 
The easiest way to check operation and 
range is with a suitable frequency 
counter. You can also use a monitor 
receiver, or a signal generator plus the 
receiver, but these can be confusing due 
to the numerous images possible. You'll 
need to touch up the tuning after installa¬ 
tion. If the tuning range isn't correct, you 
can juggle component values. This techni¬ 
que is undoubtably all too familiar to 
anyone who reads ham radio and has read 
this far. 

final note 

Just out of curiosity, I replaced the 
source-follower output stage with a tuned 
tank circuit on two meters (as in fig. 2), 
then introduced a small amount of audio 
into the varactor from a dynamic micro¬ 
phone. The combination transmitted 
good quality fm for a few blocks, but I 
can't really recommend the technique for 
general use, not with the sharp receivers 
(and tongues) found in most areas. I 
don't even recommend it as a crystal 
replacement for transmitters for the same 
reasons. 

ham radio 
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After using a Yagi antenna for ten years 
with excellent results, the time came 
when it had to be replaced. I decided this 
was a good time to test the relative merits 
of the quad antenna. The following piece 
presents the results of four years of work 
dealing with construction problems of a 
cubical quad in a Canadian climate. 
Emphasis is placed on mechanical details 
such as clips and fasteners, joint inter¬ 
faces, protection of wire elements and 
spreader design. On-the-air results are also 
reported, which are based on qualitative 
observations. 

Electrically, the design is the same as 
that described by Lee Bergren in the May, 
1963, issue of QST. 1 The only claim I 
have to this design is the mechanical 
features described here. 

project objectives 

The quad has a bad reputation in 
Canada because of mechanical problems 
that occur during the severe winters. My 
first two models failed during successive 
winters; the third model survived three 
Toronto winters with no maintenance. It 
was designed with the following objectives: 

1. Stronger joints between crossarms and 

boom. 

2. Better clamps between spreaders and 

wire elements. 
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3. A means to avoid element breakage. 

4. A better joint between spreaders and 

crossarms. 

description 

The boom is made of 3-inch (7.6-cm) 
aluminum irrigation pipe instead of the 
4-inch (10.2-cm) diameter pipe used in 
Bergren's design and proved to be quite 
satisfactory. It is lighter in weight and 
crossarm-to-boom joints remained tight 
by minimizing sway in the spreaders, 
which could elongate the holes in the 
boom. In a commercially-built quad, the 
holes through the boom have additional 
bearing surfaces provided by sleeves 
shrunk onto the boom. This is difficult 
for the amateur to achieve, so it was 
necessary to make a tight fit with the 
materials available. If you have the means 
to shrink sleeves onto the boom at these 
points, the advantage is obvious. Alumi¬ 
num irrigation pipe is not always perfect¬ 
ly circular, and this in itself presents a 
difficulty when making sleeves or spider 
clamps. 

drilling the boom 

As explained in the article by Bergren, 
holes are drilled at 90 degrees through the 



the ctamp and support for antenna elements. 


boom 1/8 inch (3 mm) apart. These holes 
are to accommodate the square aluminum 
plate used as a support. Certain precau¬ 
tions must be observed, however, in 
drilling the holes to make them accom¬ 
modate a push fit for the 114-inch 
(32-mm) ID aluminum tubes used for 
crossarms, each of which is 4 feet (1.2 
meters) long. 

To avoid some of the weaker points in 
antenna construction much care must be 
used in marking the boom for drilling. 
Nothing but utmost pains is good enough. 
Circumscribe on the outside of the metal 
boom a circle that exactly defines the 
outside contour of the tube hole. If you 
are using 114-inch (32-mm) ID tubing, the 
circles will be 1.376 inches (35.0 mm) 
diameter (for a wall thickness of 0.063 
inch, or 1.5 mm). A tube with a thicker 
wall will need holes slightly farther apart. 

When correctly marked, the holes will 
be drilled to a diameter of 114 inches (32 
mm). When using a large drill through a 
thin-wall tube, the inside of the holes will 
be rough and uneven. It is essential that 
the holes make a perfectly smooth fit for 
the tubing forming the antenna cross arms. 

The hole now lies about 1/32 inch (1 
mm) inside the circumscribed circle. A 
steel plug 1.413 inches (36 mm) in 
diameter is now prepared. File the rough- 
drilled hole carefully until it is perfectly 
circular, so that the steel plug fits the 
hole exactly. 

measurement notes 

You'll notice that dimensions for holes 
and parts are given quite exactly, and this 
is important. If the antenna is to with¬ 
stand the weather, care in making 
measurements is imperative. Much care 
and patience at this point will pay off in a 
maintenance-free installation. It's surpris¬ 
ing how exactly the fitting process can be 
done, especially if a jig or template is 
available. 

The remaining 1/32 inch (1 mm) of 
the crossarm hole is now filed out, using 
the circumscribed circle on the metal and 
a piece of the crossarm tube as templates. 
A really tight fit is the objective here — a 
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joint that will not work loose. The 
corresponding hole on the other side of 
the boom is similarly marked and drilled 
(don't try to drill straight through the 
boom). By careful measurement, the 
holes will be so closely opposed to each 
other that the spreader tips, when assem¬ 
bled, will not be more than 1 inch (25 
mm) out of alignment. 



13.8 J3.9 14.0 14.t 14.2 14.3 14.4 


FREQUENCY (MHi) 

Curve 1 Driven element only, 15 feet (4.6 m) 
Curve 2 1st director added, 15 feet (4.6 m) 
Curve 3 2nd director added, 15 feet (4.6 m) 
Curve 4 Boom lifted to 30 feet (9,1 m) 

Curve 5 Reflector added, 75 feet (22.9 m) 

fig. 2. Standing wave ratio readings taken 
during assembly of the array. Bridge was 
located at the junction of the coaxial trans¬ 
mission line and the element except for curve 5, 
when the bridge was between the coaxial 
transmission line and the transmitter. Dimen¬ 
sions refer to boom heights above ground. 

machining the boom 

The only part of the work that re¬ 
quired commercial help was turning a 
24-inch (61-cm) length of aluminum tub¬ 
ing to join two 15-foot (4.6-meter) 
lengths of aluminum irrigation pipe used 
for the boom. The pipe arrived in two 
20-foot (6.1-meter) lengths. However, the 
boom went together so easily, and was 
erected so simply, that if I did the job 
again, I'd have no hesitation at all in using 
a 40-foot (12.2-meter) boom. 

If, as in my case, the pipe is not 
absolutely circular, carefully measure the 
maximum and minimum diameters, 
average them, and subtract 0.003 inch 
(0.1 mm) for clearance. Grease the pipe 
well (a good silicone grease is best), and 
hammer the two boom lengths onto the 
junction piece using a block of wood and 
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a sledge hammer. This completes the 
boom except for minor details. 

spreaders 

Fiberglass tapered tubes are used for 
the spreaders, rather than aluminum, be¬ 
cause the fiberglass causes less wind load¬ 
ing, The spreaders are 13 feet (3.96 
meters) long, 1% inches (32 mm) in 
diameter, tapering to 3/8 inch (10 mm). 
This configuration presents a nicely 
balanced combination of adequate stiff¬ 
ness with light weight. 

At a length of 13 feet (3.96 meters), 
the two spreaders in line need no separa¬ 
tion to achieve the desired length, and so 
are simply moved down the 114-inch 
(32-mm) diameter crossarms until they 
meet at the center. They are fixed in this 
position by the bolts that secure each 
crossarm to the square plate, since these 
bolts pass through the aluminum tube, 
fiberglass tube and plate. 

The only other adjustment is at the 
point where the spreader emerges from 
the crossarm. Since the spreader is ta¬ 
pered, some play will exist at this point. 
This play is taken up by inserting a 
neoprene O-ring just inside the end of the 
aluminum crossarm. It needs no holding 
in place, but the joint at this point can be 
covered by a machined aluminum sleeve, 
made to fit the two tubes, and secured by 
two self-tapping screws. 

The size of the thick end of the 
spreader should be checked with the 
manufacturer before buying your cross- 
arm material. Mine required a little work 
with an emery cloth to make a perfect fit. 

clips and fasteners 

The homemade clip shown in fig. 1 
resulted from many experiments. The 
clamp is a commercially obtained item. 
The tube portion, which carries the wire 
element, is made from 1/8-inch (3-mm) 
ID copper tubing. The tube radius should 
be 3 inches (76 mm). Sections of the 
copper tube are cut off so that the ends 
point at right angles to each other. The 
supporting band, to which the 3/8-inch 
(10-mm) diameter clamp attaches, is a 



strip of copper cut to length, formed, and 
soldered to the copper tube as shown. 
The idea is to provide support to the wire 
elements through the entire radius of the 
bend, presenting no solid point where the 
wire could fracture from vibration. 

When the wire loops have been fed 
through the tubing clamps, cut to length, 
and secured, the wire will be prevented 
from slipping through the clamps by 
solder dropped onto the wire just clear of 
the clamp ends. One or two turns of 
number-22 AWG (0.6-mm) wire at the 
desired point will assist in making a good 
solder joint. Note that cold solder jobs in 
this area are a definite "no-no" if your 
antenna is to withstand the elements. 

Be certain the wire elements move 
freely within the copper tubing. Any 
sharp bends in the wire will defeat the 
entire idea of this project; remember, care 
in construction will pay off in 
maintenance-free operation. 

rotator 

The usual pressure-grip clamp arrange¬ 
ments used on the antenna rotator shaft 
(2 inches, or 51 mm) diameter are inade¬ 
quate for an antenna of this size. If a 
HAM-M rotator is used, the %-inch 
(6-mm) bolt that screws into the rotating 
shaft at top and bottom of the motor 
should be removed. This bolt should be 
replaced with a 3/8-inch (10-mm) high- 
tensile-strength bolt to avoid shearing 
under the stress involved. 

performance 

The curves in fig. 2 show the standing 
wave ratio of the antenna during assem¬ 
bly. Curve 5 shows swr with the complete 
array elevated to 75 feet (22.9 meters). 
Antenna bandwidth is 200 kHz with an 
swr of less than 2:1, which is to be 
expected. Qualitative tests indicated a 
front-to-back ratio of 28 dB. Not bad for 
a home-built antenna. 

reference 

1. Lee Bergren, WOAtW, "The Multielement 
Quad," QST, May, 1963, page 11. 
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automatic 

Using the versatile 
NE555 timer 1C 
as a ten-minute 
ID timer 
or repeater 
time-out timer 


Recently, when a friend expressed a need 
for a timer with automatic reset or 
triggering capability, the NE555V inte¬ 
grated circuit came to mind. The 
NE555V is a versatile, inexpensive 1C 
designed especially for timer and oscilla¬ 
tor use. External components determine 
the time delay or oscillator frequency and 
duty cycle. The output is capable of 
Sourcing or sinking 200 mA, adequate for 
most small relays.* Other basic timer 

^Although a relay coil is shown as the load, the 
NE555V may be able to operate some loads 
directly. The 200-mA load current is for a 
supply voltage of 15 volts, however, and load 
current will be less for lower supply voltages. 



fig. 1. Basic timer circuit uses NES55 tC. Time 
detay is set by RC product of R1 and Cl. 
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circuits have been described pre¬ 
viously, 1 > 2 but all require triggering by a 
manually-operated switch or by relay 
contacts . 

Fig. 1 shows the basic timer circuit. As 
shown, the relay or other load is normally 
off , For normally on operation connect 
the relay or other load between pin 3 and 
ground. The delay time constant is set by 
the simple RC product of R1 and Cl. 
Pins 2 and 4 are grounded momentarily 
through switch ST, providing start or 
manual reset of the timer. Pin 2 is the 
trigger input; when it is grounded momen¬ 
tarily the timing interval is started. Once 
started it cannot be retriggered. Pin 4 is 
the reset input; when it is grounded 



fig. 2. Two or more timer ICs may be cascaded 
when sequential timing is required.* 


momentarily the timing interval is ended 
{the output goes low). With pins 2 and 4 
connected together both functions are 
obtained with one push of the switch. 
When the reset function is not wanted pin 
4 should be connected to pin 8, V cc . 

The NE555V 1C can also be triggered 
by a negative-going pulse applied to pin 2. 
Thus, two or more timers can be cascaded 
for sequential timing as shown in fig. 2. 

*For those circuits requiring two NE555V 
timer ICs, you might consider using the new 
dual-timer 1C, the NE556, which contains two 
NE555s in one package. Editor 
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When pin 3 goes low at the end of a 
timing interval, a negative pulse is gener¬ 
ated by the .001-juF capacitor and 27k 
resistor. This pulse triggers the start of 
the second timer 1C. If a similar pulse 
circuit is connected to the second timer, 
and its output is connected to the trigger 
input of the first timer, the second timer 
automatically triggers the first timer as 
shown in fig. 3. 

The second timer can be set to deter¬ 
mine the on time of the first timer. When 


cause the first timer cannot be reset or 
triggered by the trigger pulse from the 
second timer while the first timer is in its 
timing interval. 

For time delays of more than a few 
minutes a good quality tantalum capaci¬ 
tor such as a Sprague 150D should be 
used. For example, a ten-minute time 
delay requires a 100-/XF capacitor and a 
6-megohm resistor. Two possible applica¬ 
tions for this circuit are station ID timers 
and repeater time-out timers. 



fig. 3. In this circuit the second timer, U2, automatically triggers the first, U1. 


the timing interval of the second NE555V 
is completed a negative pulse is generated 
from the second .001 juF capacitor and 
27k resistor. This pulse triggers the first 
timer which turns off the relay. Thus, the 
first timer determines the delay time 
interval and the second timer determines 
the on time of the relay. 

At the end of the on time the first 
timer is automatically triggered and starts 
another timing interval. If the start/reset 
switch is closed momentarily, both timers 
are triggered. This does not matter be- 



fig. 4. The NE555 may also be connected as 
an astable multivibrator but this circuit has 
several disadvantages when used as a timer 
(see text). 


You might also consider using the 
astable multivibrator circuit (fig. 4). The 
charge and discharge times of the capaci¬ 
tor, C, are determined as follows: Dis¬ 
charge time (when the output, pin 3, is 
low) = t2 = 0.685(R b )C. The charge time 
(when the output is high) = tl = 0.685 
(Ra + R&)C. This circuit has two main 
disadvantages for longer time delays. For 
one thing, the first timing interval is 
longer than subsequent ones. This is due 
to the fact that the capacitor's charge 
starts from zero for the first time interval 
but thereafter operates between 1/3 and 
2/3 of V cc . The second disadvantage is 
that there is no manual reset capability. 
Even if the reset pin is connected to 
ground through a switch the capacitor 
will not be completely discharged, due to 
the time constant of R b and C. 

references 

1. D. Blakeslee, W1KLK, "Time - 1C Con¬ 
trolled," QST, June, 1972, page 36. 

2. E. Mooring, W3CIX, "Simple Timer," ham 
radio, March, 1973, page 58. 
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enhancing 

cw reception 


through a 
simulated-stereo 
technique 


A simple method 
for improving 
copyability 
of CW 
signals 


*A sharp audio filter is a great help in 
copying CW signals through noise and 
interference. A filter passband of 100 Hz 
will accommodate the keying bandwidth 
at 20 wpm and tolerate some short-term 
Drift of transmitter and receiver. 1 How¬ 
ever, such a narrow filter makes scanning 
i>f the band slow and difficult, and with 
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high skirt selectivity the character of the 
received signal and its attack and decay 
may become distorted from ringing. 

threshold gating 

Higher noise reduction than possible 
from a tuned filter can be accomplished 
through threshold-gating, a technique in 
which the received and filtered CW signal 
is used to key a relay 2 or an electronic 
switch. 3 In turn, the relay or switch feeds 
the received and filtered signal or a 
sidetone oscillator to the headphones or 
speaker. Threshold-gating achieves its 
selectivity through the switching process. 
No signal is heard off frequency or 
between the dots and dashes. However, 
the original signal is highly distorted, 
especially in its attack and decay, or is 
completely replaced by a sidetone, As a 
result, feel for band conditions and for 
the quality and "signature" of the signal 
are lost, and any reply slightly off the 
filter frequency will not be heard at all. 

This discussion suggests that you can¬ 
not, at the same time, use high filter 
selectivity and retain an essentially un¬ 
altered CW signal and full feel for the 
signal and the band. Therefore, sharp 
filters seem to have little value in contests 
and net operations, where you want to 
respond rapidly, often to signals which 
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appear to one side of your receiver center 
frequency. 

another approach 

This is certainly true as long as you 
listen to the filtered signal only. However, 
if you were to listen simultaneously to 
one speaker fed with the processed signal 
and another speaker reproducing the 
"raw” CW signal, you could retain a feel 
for the band and would even hear chirp 
and clicks that extend beyond the filter 



fig. 1. Block diagram showing how a simulated- 
stereo signal is derived from unfiltered receiver 
audio containing a desired signal plus QRM and 
QRN. 

passband. Also, if the received signal were 
drifting you would not lose it, and you 
could hear replies at some distance from 
the center frequency of your filter. 
Obviously, you would also lose some of 
the advantage of the filter and QRM and 
QRN would have returned to some de¬ 
gree. 

To this end, you can be helped by the 
ability of the brain to discriminate be¬ 
tween signals which appear at both ears 
or only at one. To do this, the incoming 
CW signal is divided into two channels as 
shown in fig. 1. Half of the signal goes 
through a sharp filter to one ear, and the 
other half is passed unfiltered to the 
other ear. The level or balance control in 
the unfiltered side compensates for any 
attenuation of the filter. It is set so that a 
tone centered in the filter passband is 
heard by both ears at the same loudness 
level. This tone is then perceived stereo- 

*Because this effect may be enhanced or 
diminished by the phase relationship of the 
audio in the two earpieces, it would be desir¬ 
able to try transposing the leads to one of the 
earpieces to see what happens, editor 


phonically and appears centered within 
your head.* Any other tone is attenuated 
by the filter and will be heard predomi¬ 
nately from the unfiltered channel. Con¬ 
sequently, all signals that are not passed 
by the filter appear to come from that 
side which is receiving the unfiltered 
channel. 

results 

The effect of this simulated stereo 
reception of CW signals is dramatic. Inter¬ 
fering signals and broadband noise appear 
to come from a point off to one side of 
the head. The desired signal, centered in 
the filter passband, appears within or just 
in front of the head and assumes a 
transparent clarity that is hard to de¬ 
scribe. The signal-to-noise ratio is much 
improved. The character of the signal is 
preserved and ringing is either absent or 
less apparent than in monaural reception 
with the same filter. Chirp and clicks are 
readily noticed, and even drifting signals 
or DX signals with multipath distortion 
are readily copied. 

The mind seems to concentrate auto¬ 
matically on the desired signal and to be 
relatively unaware of and undisturbed by 
the signals outside the filter passband. 
Yet, that information is present and an 
off-frequency reply is heard just as well as 
if no filter were in use. 

practical considerations 

I have used this approach with a 
simple passive toroid filter and with a 
more complex filter and threshold-gate 
combination. Both are effective. The 
latter has an advantage on some occa- 

88 mH 



fig. 2. Circuit of complete Simula ted-stereo 
setup including simple but effective series-tuned 
toroidal filter. 
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sions, but for its simplicity and ease of 
adjustment the toroid filter is superior. 
The high-impedance audio signal from my 
HW101 is matched to the low impedance 
of the series-tuned toroid filter by a 
transformer, as shown in fig. 2. The 
center-tapped secondary provides two 
equal signals, one attenuated by the 
balance control and then fed to the right 
channel of a low-impedance stereo head¬ 
set. 

The toroid filter in the other half of 
the secondary resonates at 790 Hz and 
has a 3-dB bandwidth of 60 Hz; this 
frequency was chosen because the appar¬ 
ent stereo separation increases at lower 
frequencies. The output of the filter is 
fed directly to the left channel of the 
headset. The balance control should be 
adjusted on a moderately weak CW signal; 
a strong, steady tone, such as from a 
crystal calibrator, gives a slightly different 
balance. 

First, peak the signal in the filter by 
listening only to the left earphone, then 
put on both phones and adjust the 
balance control until the signal appears 
centered. The range of the balance con¬ 
trol is sufficient to move the signal from 
the far right across center to the left. 
Little further adjustment is required 
under differing band conditions. 

The principle can be applied in various 
ways. Other input and output impedances 
can be accommodated with different 
transformers, or a parallel-tuned toroid 
filter (approximately 500 ohms) could be 
used. Other filters could be substituted, 
and instead of earphones a stereo ampli¬ 
fier and speaker combination used to give 
a good demonstration of simulated-stereo 
CW reception to interested listeners at a 
club meeting or hamfest. 
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DATA 

SIGNAL 

the latest in station accessories 

AUDIO AUTOMATIC GAIN 
CONTROL AMPLIFIER 

Is your tone decoder having problems due to in¬ 
put signal variations? If so, eliminate these and 
other problems caused by weak, strong or vary¬ 
ing input signals. The AAGC-1 will take signal 
levels between 50 mV to 5 Volts and feed a 
clean rock stable signal to any decoder for per¬ 
fect operation. Give your decoder a chance to 
decode properly with our AAGC-1 amplifier. 

Shipping Weight 3 oz. $14.95 kit 
$19.95 wired 

DELUXE RECEIVER PREAMPS 

Specially made for both OLD and NEW receivers. 
The smallest and most powerful single and dual 
stage preamps available. Bring in the weakest 
signals with a Data Preamp. Now with im¬ 
proved FET's for greater performance. 


BAND 

STAGES 

GAIN 

NOISE 

FIGURE 

KIT 

PRICE 

WIRED 

PRICE 

10 meter 

Single 

25 dB 

2 dB 

$15.50 

$18.50 

6 meter 

Single 

25 dB 

2 dB 

$15.50 

$18.50 

2 meter 

Single 

20 dB 

2.5 dB 

$15.50 

$18.50 

2 meter 

Double 

40 dB 

2.5 dB 

$30.50 

$36.50 

220 MH2 

Single 

17 dB 

2.5 dB 

$15.50 

$18.50 

220 MHz 

Double 

35 dB 

2.5 dB 

j $30.50 

$36.50 


CRICKET 1 ELECTRONIC KEYER 

A popularly-priced 1C keyer with more features 
for your dollar. Cricket I is small in size and 
designed for the beginner as well as the most 
advanced operator. It provides fatigue-free send¬ 
ing and its clean, crisp CW allows for easy 
copying at all speeds. Turned on its side, the 
Cricket can be used as a straight key for man¬ 
ual keying. Right or left hand operation, AC/DC, 

Shipping Weight 3 lbs. $49.95 
OTHER EXCITING PRODUCTS INCLUDE 

TOUCHTONE TO ROTARY CONVERTER 
TOUCHTONE TO TOUCHTONE CONVERTER 
TOUCHTONE PADS 
AUTOMATIC DIALER 
ANTI-FALSING TOUCHTONE DECODER 
AGC AMPLIFIER 


Write today for complete details 

Data Signal, Inc. 

Successor to Data Engineering, Inc. 

2212 Palmyra Road 
Albany, Ga. 31701 

912 - 435-1764 
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circuits and 
techniques 

ed noli, W3FQJ 


storage-battery 
QRP power 

In a self-sufficient QRP station the 
storage battery is king. Although battery 
power need not be limited to low-power 
stations, QRP operation does permit you 
to gain knowledge of the science, gradu¬ 
ally weaning you away from plug-in 
power, and over a period of time you can 
make your amateur station reasonably 
independent of the power mains. Solar 
power, wind power, etc., can make it so. 
The wind and solar conversion combina¬ 
tion is attractive because on very cloudy 
days when there is no bright sunshine, 
there often is wind. Initially it might be 
expedient to take some power from the 
mains with an efficient battery charger, 
particularly when power demand is above 
the QRP level and there is a sequence of 
dark, windless days. 

The radio amateur may be able to 
make a considerable contribution by 
demonstrating how energy can be derived 
from light, wind and other means. A 
house that is partly or completely self- 
sufficient in terms of heat and electrical 
power is a worthy objective. 
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Battery power at kilowatt and higher 
levels requires a well-ventilated hut or 
battery room, if lead-acid wet batteries 
are to be used. During the charge cycle 
batteries release some hydrogen gas 
which, if permitted to accumulate, 
becomes explosive. More gas is released 
when charging at a high rate or when you 
permit batteries to overcharge. Normally 
there is no hazard if the hydrogen gas 
circulates and intermixes freely with the 
atmosphere. 

A ventilated window box will do for 
somewhat lower power levels. However, 
batteries must be selected to withstand 
the weather extremes of the site or 
mounting position. Nickel-cadmium 
batteries have fewer such problems and 
can be operated in more confined areas 
but are considerably more expensive at 
the higher power levels as compared to 
lead-acid types. 

Some of you who lived in farm coun¬ 
try before rural electrification may recall 
the small battery room just away from or 
attached to farm houses. Remember the 
wind chargers, small gasoline engines and 
dc generators? This is not so much 
nostalgia as some very practical dreaming 
as to how to obtain at least some degree 
of self-sufficiency, avoiding some of our 


fig. 1. This gelled-electrolyte, 12-volt, 4.5 
amp-hour battery is a relative newcomer to 
the rechargeable battery scene (photo 
courtesy Globe-Union). 





fig. 2. Case and charger for gelled-electrolyte 
batteries {photo courtesy Globe>Union). 


enslavement to mass energy sources plus 
the high cost that shortages trigger. 

small lead-acid batteries 

In the realm of QRP operation there 
are a variety of small lead-acid types. 
Visit your local motorcycle shop or take 
a look at the variety of types listed on the 
motorcycle batteries list in the Sears 
catalog. Two- and four-ampere-hour (Ah) 
types can be purchased at low cost. A 
typical price for a 4-Ah, 12-volt battery is 
not much more than 10 dollars. Such a 
low-powered battery displaces very little 
hydrogen and can be brought into your 
radio shack with little hazard. It can be 
charged by the smallest of chargers or by 
a small solar energy converter. On the 
basis of a 20-hour discharge period, the 
4-Ah battery can supply 200 mA continu¬ 
ously for a period of 20 hours (4/20. 
Based on amateur operating practice it 
would be no problem to supply up to 10 
watts for almost 8 hours of continuous 
operation without requiring a recharge. 


Power capacity and current capability 
can be increased by connecting two or 
more of these small batteries in parallel. 
Much depends on your operating 
practices. In most cases operating time is 
substantially less than the projected maxi- 
mums suggested by the previous figures. 

gelled-electrolyte batteries 

There is an attractive newcomer on the 
scene. It is a lead-acid battery that uses a 
gelled electrolyte, fig. 1. It is truly a 
portable lead-acid battery that can be 
mounted at any angle and, in some 
models, even charged at any angle. Others 
charge more efficiently with the battery 
upright but can be charged at other angles 
with some limited decline in the total 
number of recycles. The electrolyte is 
unspillable and lasts for the full life of the 
battery, avoiding maintenance and hand¬ 
ling problems. The battery has a one-way 
vent that serves as a release when there is 
undue gas pressure, although in this style 
of battery there is much less gassing. 

The gelled-electrolyte battery handles 




fig. 3. Operating characteristics of a 12-volt 
gelled-electrolyte battery, the Globe GC 
1245-1. 
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temperature extremes very well and is 
capable of performing down to -76°F 
(-17°C). It is tolerant of both overcharge 
and a deep discharge and provides long, 
maintenance-free shelf life. Batteries may 
be connected in series, parallel or series- 
parallel combinations to obtain desired 
voltage and current capability. Case and 

GC 1245-1 Specifications 

Nomina! voltage 
Nominal capacity at: 

225 mA (20-hour rate) to 10.5 volts 
430 mA (10-hour rate) to 10.26 volts 
780 mA (5-hour rate) to 10.14 volts 
2400 mA (1-hour rate) to 9.6 volts 
Energy density (20-hour rate) 

Specific energy (20-hour rate) 

Internal resistance of charged battery 
Maximum discharge current 
with standard terminals 
Operating temperature range: 
Discharge 
Charge 

Charge retention (shelf life) at 68°F 
1 month 
3 months 
6 months 

charger are provided for some types as 
shown in fig. 2. 

The characteristics of the Globe-Union 
4.5 ampere-hour, 12-volt battery are 
given in fig. 3. This battery would be a 
good choice for up to 5-watts QRP 
operation. Typical capacity figures are 
shown in item 2 of the specifications 
chart (fig. 3). Note, under item 9, the 
charge retention ability of the battery. 
When sitting unused for six months the 
charge drop-off is only 82%. 

The first graph shows battery capacity 
as a function of the discharge rate. When 
discharged at the 20-hour rate the battery 
provides 100% capacity if operated at 
normal room temperature (about 69°F or 
21°C). The percentage is lower for faster 
discharge rates. 

Curves for various discharge rates are 
shown in the second graph. The top 
curve, representing the 20-hour rate, 
indicates a voltage decline to about 10 
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volts when the current demand is a 
continuous 0.225 amperes for a period of 
20 hours. The final power delivered under 
this situation is about 2.25 watts (0.225 x 
10). If a current demand of 1 ampere is 
made, note that the battery will provide 
almost four hours of continuous opera¬ 
tion. This is about 10 watts of power for 


12 volts (6 cells in series) 

4.5 Ah 

4.3 Ah 
3.9 Ah 

2.4 Ah 

0.96 watt-hours/cubic Inch 
12 watt-hours/pound 
approximately 60 mllllohms 
80 amperes 

-76° F to +140° F 
—4° F to +122° F 

97% 

91 % 

82% 

a continuous 4 hours. Thus, the 5-watt 
rating is a very conservative one. 

In normal amateur operations you 
would have no trouble supplying 10 watts 
input to a QRP transmitter, and perhaps 
even more if you take care of the battery, 
preventing it from overcharging or dis- 

fig. 4. This charger for gelled-electrolyte 
batteries provides either fast or float charging 
(photo courtesy Globe-Union). 




charging to too deep a level. You can 
protect the battery's welfare by keeping 
an eye on its output voltage under load. 

Power demand can be stretched even 
further if the battery is kept on a 
continuous floating charge with the per¬ 
manent connection of a small charger, fig. 
4. Current demand in amperes can be 
made for short periods of time. 

The above operation also applies for 
daytime operation when using a soiar 
energy converter as a float charger. 
Battery charge must be restored before 
the end of the day if capacity for 
night-time operation at lower power level 
is required. 

The rated capacities (20-hour basis) 
for various Globe-Union gelled-electrolyte 
batteries are shown in table 1. 

Prices are higher than for comparable 
wet electrolyte lead-acid types, but sub¬ 
stantially lower than the cost of nickel- 
cadmium batteries. The combination 
shown in fig. 2 is especially attractive for 
use with portable transceivers because it 
includes a battery-case and a charger. 
Batteries of this type do vent some 
hydrogen at the end of the charge cycle, 
or upon overcharge, and although they 
are less hazardous than wet electrolyte 
types, sensible ventilation and avoidance 
of sparks are advisable during the charg¬ 
ing interval. 

solar power as a charger 

The solar energy converter has excel¬ 
lent battery charging capabilities. There 
are a number of ways in which you can 

table 1. Rated capacity of various Globe-Union 
gelled-electrolyte batteries. 


part number 

nominal capacity 

GC 210 

0.9 Ah 

GC 410 

0.9 Ah 

GC 610 

0.9 Ah 

GC 1215 

1.5 Ah 

GC 620 

1.8 Ah 

GC 426 

2.6 Ah 

GC 626 

2.6 Ah 

GC 1245 

4.5 Ah 

GC 660 

6.0 Ah 

GC 280 

7.5 Ah 

GC 680 

7.5 Ah 

GC 12200 

20.0 Ah 


use such a source. If the converter has 
adequate capacity it can even handle the 
initial charging of the battery. This is 
really not too much of a requirement if 
you are willing to charge the battery 
initially in a series of long-term steps. 

The second technique is to use a 
conventional charger to obtain the initial 


4 VOLT 40 mA 
(SYLVANfA 4 ES) 



charge. Then the solar energy converter 
can be pressed into service as either a 
float or trickle charge source. In this 
mode of operation the current demand is 
only one-quarter or even a smaller frac¬ 
tion of the initial charge current require¬ 
ment. If the battery is critical of charge 
voltage or current it is possible to add a 
solid-state regulator to the output of the 
solar energy converter. Under less strin¬ 
gent requirements the protective diode 
that is a part of the solar device can 
prevent the discharge of the battery when 
the impinging light on the solar cells is 
inadequate to maintain the proper charge 
current. 

battery chargers 

There are several battery-charging 
arrangements relating to battery types 
and mode of operation. Insofar as the 
initial charge is concerned, some batteries 
can be charged quickly while others are 
preferably charged at lower current rates 
over a longer period of time. In general, 
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nickel-cadmium types are charged at a 
slower rate than lead-acid types. Gelled- 
electrolyte types are usually charged at a 
slower rate than wet electrolyte cells. 

For practically all types of recharge¬ 
able batteries the slow charge is much 
preferred over the fast charge, although 
certain battery types are less ill-affected 


table 2. Charging-current values for Globe-Union 
gel-cells. 

approximate 

battery 

maximum initial 

final 

rating 

charge current 

current 

0.9 Ah 

0.15 Amp 

10-20 mA 

1.5 Ah 

0.25 Amp 

20-40 mA 

1.8 Ah 

0.30 Amp 

20-40 mA 

2.6 Ah 

0.40 Amp 

30-60 mA 

4.5 Ah 

0.70 Amp 

50-100 mA 

6.0 Ah 

0.90 Amp 

60-120 mA 

7.5 Ah 

1.20 Amp 

80-160 mA 

20.0 Ah 

4.00 Amp 

100-300 mA 


by a fast charge, and in some circum¬ 
stances you may have to sacrifice some 
battery life in favor of fast charging. 
Regular amateur radio operations are 
such that you can usually take advantage 
of slow charging, and, therefore, gain an 
extension in battery life. 

Batteries can be charged and then 
discharged to a specified end voltage. At 
this time the battery is again charged 
fully, discharged, etc. In this mode of 
operation the battery is on charge when¬ 
ever it is not being discharged by a con¬ 
nected load. Two other arrangements 
keep the battery on continuous charge. 
These are known as a constant-voltage 
charger (float voltage charge) or a 
constant-current charger (trickle charge). 
In the float voltage system preferred for 
gelled-electrolyte batteries the charge 
voltage is held constant while the current 
is free to vary. In contrast, the trickle 
charge plan preferred for nickel-cadmium 
batteries maintains a constant charging 
current while the voltage is allowed to 
vary. 

The chart of table 2 shows the initial 
charge current and fully charged current 
for the standard ratings of various Globe- 
Union gelled-electrolyte batteries. For 
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example, the 4.5-Ah, 12-volt battery 
begins charging at a level of 700 mA, Full 
charge is indicated when the battery 
voltage reading is 14.4 volts and the 
charge current has dropped to a level 
between 50 and 100 mA. This corres¬ 
ponds to a final cell voltage of 2.4 
volts. 

When the same gelled electrolyte bat¬ 
teries are to be kept on continuous charge 
it is preferable that the charge voltage be 
held to 2.25 volts per cell, or for the 
4.5-Ah version, a final voltage of 13.5 
volts. Therefore, the charger must supply 
a constant 2.25 volts/cell (13.5 volts in 
the case of the 4.5-Ah, 12-volt battery). 

To obtain the maximum number of 
recharge cycles the on-charge voltage 
initially should be such that the battery 
charge is brought up to 2.4 volts per cell. 
This charge should be continued until the 
current drops to the values shown in the 
tables. At this point the charger should be 
switched over to a float voltage of 2.25 
volts per cell. 

In practice as many as 200 to 400 full 
charge/discharge cycles are possible. If a 
float voltage charge is maintained, instead 
of permitting complete discharge, thou¬ 
sands of cycles of operation are feasible. 
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CHARGING TIME, FULLY DISCHARGED BATTERY (HOURS) 

fig. 6. Battery charge data for the Eveready 
NE6 nicad battery. 


The charger shown in fig. 4 permits both 
modes of charging. Note the switch that 
can be used to select either float or fast 
charge. An indicator lamp is turned on 
when the battery reaches 80% of full 
charge. 

An example of a constant-voltage 




charger that can be used for float or fast 
charge activity is shown in fig. 5. For 
fast-charge activity it provides exactly 
14.4 volts. The constant voltage is main¬ 
tained by the series power transistor and 
two series-connected voltage-regulator 
zener diodes. The precise value of the 
constant voltage is set by the two resis- 
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fig. 7. Basic constant-current battery charger 
for nicad batteries. 


tors connected between the anode of 
zener diode CR6 and common. In the 
float position only one resistor is used, 
the output voltage being maintained at 
13.8 volts. An additional resistor is 
inserted in the circuit when the fast 
charge voltage of 14.4 volts is desired. 

A nickel-cadmium battery is best 
charged with a constant-current source. A 
rather extended charge time is recom¬ 
mended and it is advisable that the charge 
rate not exceed the 10-hour figure. Infor¬ 
mation for the Eveready N86 12-volt 
battery (refer to information given in the 
August column) is shown in fig. 6. A 
series charge current of 120 mA will 
charge the battery fully in 14 hours. 
About 82 mA of charging current will do 
the same in 20 hours. 

A basic charging circuit for nickel- 
cadmium batteries is shown in fig. 7. The 
circuit is fundamental although the values 
given are for the Eveready N86 battery. 
This circuit provides a charging current of 
120 mA. After a battery has been fully 
charged, a trickle charge arrangement can 
be used to maintain full charge. Recom¬ 
mended trickle charge current for this 
battery falls between 24 and 40 milli- 
amperes. This current value can be 
obtained by switching a higher value 
resistor into the constant-current charging 
current. 

ham radio 
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5 Channel, Narrow Band 
2.2 watt FM Transceiver 


This light weight, "take anywhere" 
transceiver has the "Regency-type” 
interior componentery to give you 
what others are looking for in 
portable communications. You get a 
heavyweight 2.2 watt signal ... or if 
you want, flip the HI/LO switch to 
1 watt and the receiver gives you 
0.7 uv sensitivity and 0.5 watts 
audio. Both transmitter and receiver 
employ band-pass circuitry so that 
power and sensitivity are maintained 
across the entire band. Get one 
logo only $|J(|00 


Amateur Net 



■e^C^ELECTRONICS, INC. 


7707 Records Street 
Indianapolis, Indiana 46226 


An FM Mode / For Every Purpose . . . 
Every Purse 



HR-2MS HR 212 AR 2 

8 Channel Transcan 12 Channel 20 Wall 2 Meter FM 
2 Meter FM Transceiver 2 Meter FM Transceiver Power Amplifier 
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transmitter 
fail-safe timer 

This timer was designed to provide for 
the disabling of an automatic RTTY 
transmitter in the event of control failure. 
In particular, this station has features 
which allow control codes to be punched 
on tape. After starting a tape the operator 
may leave the room to work on one of 
the many unfinished projects always wait¬ 
ing in the basement. Another feature 
allows a remote operator to punch tape 
on the LRXB composite tape set and 
then have it automatically replayed at its 
completion (operator on premises, but 
not necessarily at the control console). In 
either case a tangled tape or a mis- 
punched control code could leave the 
transmitter keyed. There is also the possi¬ 
bility of the operator leaving the switch¬ 
ing set-up in such a way that the system 
can not function properly. In all such 
installations it is necessary to provide 
some sort of backup control so that the 
channel is not blocked by a stalled 
automatic system. 

This system allows the transmitter to 
remain keyed no longer than ten minutes 
(five minutes for the replay). If the time 
limit is exceeded, the transmitter is re¬ 
moved from the air and cannot be re¬ 
keyed until reset by the control operator. 
The timer is reset by the CW identifica¬ 
tion device. Hence, it is possible to make 
transmissions longer than ten minutes, 
but only if the proper identification is 
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given. Station control wiring prevents a 
remote station from inserting the CW ID 
sequence on a replay tape. However, such 
codes may be inserted when the control 
operator punches tape. 

Originally I planned to use a NE555 
timer 1C to set the ten-minute time 
period. However, I found it impossible to 
reach the ten-minute limit with the 
capacitors I had on hand. Since such 
capacitors were also expensive and some¬ 
what difficult to find, it was decided to 
go to a shorter period and use a 7490 
divider to extend the period. This 
approach costs no more than the original 
plan with a high quality/cost capacitor, 
and it allows for other timing periods as 
well. 

The NE555 oscillator is set at approxi¬ 
mately one cycle every 1.4 minutes. The 
output is introduced to the 7490 decade 
divider. Pin 11 of the 7490 goes high on 
the eighth count (approximately 11.2 
minutes) after the 7490 is enabled by 
U4B. Then the output of U3D goes low, 
forcing the output of U3C high. When pin 
8 of U3C goes high, Q1 conducts, remov¬ 
ing the base bias from Q2. When Q2 stops 
conducting, the disable relay opens, reset¬ 
ting a holding relay in the control unit 
and disabling the entire automatic 
system. The Q1, Q2 configuration was 
chosen so that the disable relay would be 
normally on and power supply failure 
would also reset the system. 

When the replay is enabled U3A, pin 
3, goes high. Pin 8 of U2 goes high on a 
count of four (approximately 5.6 
minutes); U3B goes low, shutting down 
the disable relay as previously described. 




The 7490 is enabled when the trans¬ 
mitter is on (U4D pins 12 and 13 low). If, 
however, pin 3 of U4A is forced low (by 
the CW ID device), then U4B pin 6 goes 
high, resetting the 7490 to its zero count. 
It has not been found necessary to reset 
the oscillator, but this may be done for 
increased accuracy in the timing periods. 

If either the transmitter or the CW ID 
is keyed, Q3 conducts, keying the trans¬ 


it half the value chosen for operator 
initiated transmissions. 

A revision planned for the future 
would include an idle line detector to 
sense the lack of regular transitions from 
mark to space on the loop to time the 
disable relay out in sixty seconds. This 
would decrease the recovery time for the 
channel in the event that a tape reader is 
not properly enabled or some other mal- 


+5V * 3 ^ +5V +5V +24V 



fig. 1. Circuit for the fail-safe timer Nearly any npn transistors may be used at QY - Q5. Relays are 
Potter and Brumfield KH4703, 24-volt coils. 


mit relay. Also, when the CW ID is keyed, 
Q4 conducts, keying the CW ID relay 
which is used to disable the station tape 
readers and keyboard during the identifi¬ 
cation sequence. 

When the replay is keyed, Q5 pulls the 
transmitter line low (a single transistor 
was used here to eliminate the need for 
another 1C package), enabling the 7490 
and keying the transmitter. As mentioned 
above, keying the replay allows the four 
count from the 7490 to reach Q1 via U3, 
setting the time-out period for the replay 


function keys the transmitter, but does 
not allow any data to be sent. 

The circuit described here has been in 
operation for a period of four months. It 
has never timed out a transmission of 
proper duration and on several occasions 
it has removed the transmitter from the 
air when transmissions were too lengthy 
(and a few times when the proper control 
codes were not received by the system). 

The logic draws less than 100 mA at 
five volts. The relays are 24-volt P&B 
KH4703 and are operated from the un- 


october 1974 Q3 63 















regulated dc supply. This supply is 18 
volts under the load of the five-volt 
regulator, and is quite adequate for reli¬ 
able operation of the relays. The unit is 
constructed on perf board and is enclosed 
with the CW ID device in an rf-proof 
enclosure. All leads entering or leaving 
the enclosure are bypassed. 

Notice that since the timer is reset by 
the CW ID, the timer would not function 
properly if the CW ID were inserted auto¬ 
matically every eight to ten minutes. The 
CW ID must be inserted (possibly on 
tape) by the control operator for the 
transmitter to run longer than the limit 
set by the timer. 

Robert Clark, K9HVW 

waveguide 
klystron cooler 

In many amateur microwave assem¬ 
blies, it is impractical or even impossible 
to obtain adequate air flow around reflex 
klystrons or other signal sources. One 
solution is a simple water-cooled section 
of waveguide. Such a solution is more 
practical than fabricating a water jacket 
for the klystron itself because the guide 
section can be used with any flange- 
mounted klystron or Gunn diode. An 



fig. 2. Water-cooling jacket for WR-90 wave¬ 
guide. Input and output tubes are VV (6 mm) 
diameter. 


example unit is illustrated in fig. 2. 
It was fabricated from a short section of 
WR-90 guide with UG-39/U flanges and 
1/4-inch (6-mm) water lines. The klystron, 
a Varian 6975, was operating with a beam 
power of 9.0 W. The temperature reduc¬ 
tion at the worst case was greater than 
15°C (see fig. 3). The coolant flow rate 
was 0.6 liters/minute, coolant temperature 
was 25°C. 

John M. Franke, WA4WDL 



fig. 3. With coolant flow rate of 0.6 liters/ 
minute (25°C coolant temperature) klystron 
temperature decreased 1S°C, minimum. 


protector 
guards against 
auxiliary battery drain 

The latest Sears catalog has an item 
which should be of interest to amateur 
operators who use multi-battery electrical 
systems for mobile, portable or repeater 
use. The Sears system, which sells for less 
than $15.00, charges the auxiliary 
battery, without switching, while the 
engine (or recharging system) runs. It also 
protects the engine-starting battery from 
discharging while the engine is not run¬ 
ning such as when operating portable or 
camping. The system, which consists of a 
heavy-duty 50-amp circuit breaker and a 
solid-state switching arrangement, can be 
used with two or more batteries wired in 
parallel, 6 to 32 volts, negative ground. 
The Sears system can be ordered from 
your local Sears store or sales office; 
order catalog number 28T7105. 

Jim Fisk, W1DTY 
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vhf test meter 



The new Ascom ASMR100 
transmitter/antenna system tester is a 
three-way test instrument which provides 
a constant monitor of transmit/antenna 
functions in any vhf system. When in¬ 
stalled in the transmission line between 
the antenna and transceiver, it provides 
an accurate check of power output with 
settings of 25- or 50-watts full scale. 
Accuracy is ±5 percent. The second in¬ 
line function of the instrument measures 
the standing wave ratio of the antenna 
circuit to assure optimum efficiency. The 
instrument can also be used as a field- 
strength indicator. 

Attractively packaged in an 
all-aluminum case to resist rust or 
corrosion, the Ascom system tester is 
designed to mount permanently or for 
use by servicemen as a precision test unit. 
Frequency range is 144 to 174 MHz. 
Suggested resale price is $69.95. For 
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more information write to Antenna 
Specialists Company, 12435 Euclid 
Avenue, Cleveland, Ohio 44106, or use 
check-off on page 94. 

quick-op amplifier 



The new Quick-Op Amplifier now 
available from Hildreth Engineering pro¬ 
vides an easy way for you to experiment 
with a wide range of operational amplifier 
circuits. Solderless connectors are pro¬ 
vided on the front panel of the device so 
you can easily install resistors, capacitors 
and diodes, building any op-amp circuit 
you wish. The internal 741C op amp 1C 
has been tested for gain and dc offset 
adjustment. Two standard 9-volt 
transistor-radio batteries mount inside the 
case, making a completely self-contained 
unit. If you've been wanting to use op 
amps, but haven't yet, here's a good way 
to get started. $11.95 each, less batteries, 
first-class postage paid, from Hildreth 
Engineering Company, Post Office Box 3, 
Sunnyvale, California 94088. For more 
information, use check-off on page 94. 

dBm/microvolt 
conversion scale 

A free conversion scale is available 
from Singer Instrumentation that con¬ 
verts microvolts to dBm and vice versa. 
High resolution is afforded by the 10-inch 
(25-cm) scale length. The scale is printed 
on silver foil with adhesive backing suit¬ 
able for permanent attachment to any 
instrument. 

Write to Singer Instrumentation, 3211 
South LaCienega Boulevard, Los Angeles, 
California 90016, or use check-off on 
page 94. 


More Details? CHECK-OFF Page 94 
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Here's a new technology that you're go¬ 
ing to be hearing a lot more about in the 
not too distant future: additive printed 
circuit wiring. If you're wondering what's 
new, the process used to manufacture most 
of the PC boards used nowadays is called 
the subtractive process: you start with a 
copper-clad board and etch out the desired 
conductor pattern. In the additive process 
the copper is deposited on the board in the 
desired conductor pattern. The big advan¬ 
tage is that the process uses up to 75% 
less copper — obviously important to 
an industry that is facing a real squeeze 
by the world-wide copper shortage. 

Additive printed-circuit wiring has 
been around for several years, but until 
recently users have been troubled by peel¬ 
ing and edge lifting, as well as warpage 
and cracking. Now, however, many of 
these problems have apparently been 
solved, and it appears that the additive 
technique is about to produce a substan¬ 
tial portion of the PC boards now manu¬ 
factured by the conventional subtractive 
process. In fact, some industry spokes¬ 
men indicate that the additive process 
will account for up to 50% of the market 
by the end of 1975. 

In addition to the conservation of 
copper, the additive printed-circuit pro¬ 
cess eliminates undercutting due to etch¬ 
ing and offers improved circuit design 
capabilities such as closer line-width toler¬ 
ances. For example, in standard etched 
printed-circuit boards with 1-ounce 
copper foil, the minimum line width is 
about 10 mils; with the additive process 
5-mil line widths are routine. Closer man¬ 
ufacturing tolerances in the near future 
are expected to allow line widths down to 
2 mils. 


In addition, when used for high pro¬ 
duction quantities, the cost of boards 
produced by the additive technique are 
considerably less expensive. In mass appli¬ 
cations such as television sets and stereo 
systems, the savings over subtractive PC 
boards can be as much as 35%. And high 
production is not the only promising area 
for additive circuits — because of the 
smaller line widths and spacings the tech¬ 
nique is expected to find wide use in 
high-density interconnection applications 
such as computer peripherals. 

The principal problem that had to be 
solved before the additive technique be¬ 
came a viable manufacturing process was 
finding a way to make the electroless- 
copper stick to the glass-epoxy laminate. 
This adhesion (typically 8- to 10-pounds 
pull) is provided by micropores on the 
laminate surface. This is no easy task, but 
one successful approach is to coat the 
bare laminate with a special adhesive 
which is activated by a chromic-acid etch. 
The etchant produces micropores in the 
adhesive surface and is similar to the 
treatment used in the plating of plastics. 

I don't expect that this technique will 
replace the various subtractive systems 
that amateurs have developed to make 
their own printed circuit boards, not in 
the near future anyway. However, printed- 
circuit boards were being used by the man¬ 
ufacturers of television sets long before 
the process was even considered for one- 
off amateur projects, so nothing will sur¬ 
prise me. Perhaps one of the chemists 
among us will come up with a simple addi¬ 
tive PC process that we can use in our 
own home workshops. 

Jim Fisk, W1DTY 

editor-in-chief 
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FCC AMATEUR RADIO ADVISORY COMMITTEE PROJECT , proposed in ARRL/FCC meeting 
May 10th beginning to warm up as Amateur and CB Division staff lay groundwork 
for a formal presentation to the Commissioners. A letter has been sent to quite 
a number of amateurs outlining the purposes and responsibilities of the ARAC. 

Letter Was Definitely NOT An Invitation to membership in the ARAC, but instead 
was sent out as a means of determining whether there would be sufficient support 
from amateurs to insure ARAC success if the Commissioners were to approve it. 
Letter proposed basic 12-15 member ‘'Steering Committee" to be chaired by FCC 
representative, a number of Ad Hoc subcommittees (each chaired by a Steering 
Committee member) to consider specific problem areas. Steering Committee 
membership would be by invitation of the Commission, with broad geographical as 
well as interest-area representation. 

ARRL PREPARATIONS FOR 1979 World Telecommunications Conference should be aided 
by W1RU and K1ZND having participated in a frequency management seminar in Geneva 
during September. 

BLOCKBUSTER TRANSCEIVER FROM HEATHKIT announced this month (see centerfold). 
The new SB-104 is all solid state, totally broadbanded, digital readout and 
covers all ham bands from 3.5 to 29.7 MHz! Delivering 100 watts SSB or CW, the 
SB-104 operates from 13 Vdc, weighs only 20 pounds and measures about 6x14x14 
inches; its 6-digit readout provides 100-Hz resolution, 200-Hz accuracy. 

New Accessories Complement the SB-104 — SB-230 linear with conduction-cooled 
output tube; SB-614 Station Monitor; SB-634 Station Console; SB-644 Remote VFO. 
Truly state-of-the-art! 

GENAVE GOING TO DIRECT SALES IN THE AMATEUR MARKET , with change becoming offi¬ 
cial November 1st, Inflationary pressures, determination that 75-80% of Genave 1 s 
ham gear has been selling by mail order anyway are cited as the reasons. High 
proportion of mail-order sales has meant most service has been factory responsi¬ 
bility, so change to factory selling is a logical one. 

Genave f s Pricing will reflect the change — list on the popular GTX-200 will 
go from $399.95 to $299.95, and other models will show similar reductions. 

HILDA WETHERBEE LEAVES HAM RADIO . Hilda, a key part of HR since its beginning 
and well known to many amateurs and the ham industry for her participation in 
many hamfests and highly effective ad selling, has joined a research firm in 
New Hampshire. 

MQBILERS BEWARE : Minnesota has joined Florida and Virginia in forbidding the 
wearing of headphones while driving. 

ANOTHER 10-METER BEACON PLANNED , this one proposed for San Diego by K6HME and 
WB6KNC. Request for Special Temporary Authority has been returned for justifi¬ 
cation of proposed 100-watt power and SSB ID, but as soon as questions are re¬ 
solved it should be operative using K6HME call. Proposed frequency is 29.0 MHz, 
same as German DL0AR beacon. 

"COMMERCIAL" USE OF HAM BANDS subject of concern in Washington, confusion 
among hams. Recent League Lines item (August, 1974 QST) caused most nets to 
scrub "swap shop" sessions, but one subsequent interpretation seems to permit 
such activities providing they are scrupulously "non-commercial" and any given 
individual limits himself to "infrequent" participation (whatever that means)... 

JA STATIONS TO GET NEW 80 METER "WINDOW " within the next month or so. Present 
JA allocations are 3500-3525 CW, 3525-3575 for phone; the new band is a 10-kHz 
slice from 3793-3803 kHz, will help JA-Europe and JA-U.S.A, QSOs, 

Slow-Scan Enthusiasts can also look for a big increase in JA SSTV activity 
very shortly. Although over 100 stations have been licensed for slow-scan in 
Japan since April, 1973, reorganization of the Japanese Ministry of Post and 
Telecommunications has caused a big backlog to develop. Kinks are now being 
worked out, and a big Influx of JA SSTVers is expected momentarily. 




low-power 
single-band 

cw transceiver 

power of only a few watts, I still get a 
thrill when another QRP contact is 
completed. 

While some manufacturers are now 
seriously aiming products at the QRP 
market, the area is still ripe for the home 
experimenter. To many QRP enthusiasts, 
the only equipment which is considered 
for construction is that which is as simple 
as possible. While simplicity certainly has 
its merits, especially for portable opera¬ 
tion in a severe environment, 1 - 2 home- 
station operation is greatly enhanced with 
equipment which is a bit more elaborate. 
This article describes a transceiver for 
20-meter CW which is aimed at this 
improved performance. 

One of the more significant deficien¬ 
cies of many QRP stations is the lack of 
selectivity and dynamic range in the 
receiver. Although it is possible to obtain 
superb performance from a direct- 
conversion design, as demonstrated by 
the recent work of DeMaw, 3 there is still 
no substitute for a cleanly operating 
superhet. Hence, this approach was taken 
in this design. 
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There is little doubt that low-power ® 

(QRP) operation has become one of the 
more popular amateur radio activities in O 

recent years. I got hooked on the QRP r- 

game a little over ten years ago when a , 

need arose for light-weight portable gear "2 

for use on mountaineering trips. Al- 5 

though this goal was easily and quickly ™ 

realized, my interest continues. Even « 

today, after a few thousand QSOs with a g 




Some of the simplicity of a direct- 
conversion design is retained by elimi¬ 
nating virtually all of the gain usually 
found at the intermediate frequency. The 
result is a receiver which is more than 
adequately sensitive and selective, but is 
still easy to duplicate. Provision is made 
for receiving both CW and ssb in the unit 
described, with sideband included mainly 
for use with vhf converters. Further 
simplification and reduced cost will result 
if one of the modes is deleted. 

The transmitter portion of the package 
was designed with a number of objectives 


built-in sidetone oscillator and a semi¬ 
break-in keying system. These features 
are not absolutely necessary, but are 
easily realized and add measureably to 
the operating enjoyment derived from the 
station. 

Shown in fig. 1 is a block diagram of 
the transceiver. The usual 9-MHz i-f and 
5-MHz vfo scheme is used, providing good 
performance in a single-conversion sys¬ 
tem. A total of seven individual circuit 
boards are used, most of them based 
upon a simplified double-sided PC board 
technique outlined earlier. The use of 



in mind. First, full transceive operation 
was desired. However, it was not accept¬ 
able to sacrifice the cleanliness of the 
system output. Experience with an earlier 
40-meter transceiver demonstrated that 
this objective is not easily met with a 
casual design. The unit described in this 
article has been evaluated with lab quality 
test equipment, and all spurious outputs 
were more than 50-dB below the desired 
1.5-watt output. 

Additional design criterion for the 
transmitter included the desire for a 


double-sided board is highly recom¬ 
mended since it provides the low- 
impedance ground paths required for 
clean, spur-free performance. 

vfo design 

Shown in fig. 2 is the variable- 
frequency oscillator which controls both 
the receiver and the transmitter. The 
design offered several years ago by 
Hanchett 4 was used, although the original 
mosfet was replaced with a junction fet. I 
keep coming back to this design since it is 
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both stable and reliable. As with most 
oscillators, the selection of components is 
a large part of achieving stability. The 
inductor is wound on a ceramic form 
which was originally tuned with a 
powdered-iron slug. However, the slug 
was removed to enhance stability, and the 
number of turns on the coil was pruned 
to obtain the proper inductance. The vfo 
is tuned with the ever reliable and easy- 


forms well in this circuit. The oscillator 
supply voltage is stabilized with a 6.8-volt 
zener diode. The voltage rating here is not 
critical. 

The vfo is buffered with a single-stage 
feedback amplifier using a pair of 
2N3904 transistors. Again, transistor type 
is not critical in this application, although 
devices with an f T of at least 250 MHz 
should be used. The output of the buffer 



Top view of the 20-meter CW transceiver, showing the vfo (left) and receiver rf amplifier (right). 


to-use capacitor from a surplus ARC-5 
Command transmitter. Although becom¬ 
ing scarce, these capacitors can still be 
found in junk boxes and at hamfest flea 
markets. With the components shown, the 
oscillator tunes from 5.0 to 5.55 MHz. 

A number of commonly available 
field-effect transistors can be used in this 
oscillator. I used a TIS88 which is a 
plastic device very similar to the popular 
2N4416. The Motorola MPF102also per¬ 


is 3 volts, peak-to-peak and sinusoidal. If 
it is suspected that significant harmonic 
energy might be present in the oscillator 
output, a lowpass filter could be 
included. 5 

receiver front-end and i-f filtering 

Presented in fig. 3 is the front-end and 
filter section of the receiver. For the most 
part, the design is quite standard and is 
easily duplicated. Both the rf amplifier 
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and the mixer circuits use RCA 40673 
dual-gate mosfets. Since my transceiver 
tunes a 500-kHz range, a dual-section 
variable capacitor was included for front- 
panel preselector tuning. An earlier ver¬ 
sion of this transceiver tuned only the CW 
portion of the band, and front-panel 
tuning was not needed. The toroid cores 
used in the receiver and in the transmitter 
section described later are very similar in 


on the respective coils. The minimal 
degradation in gain and noise figure 
should present no problem in typical 
applications. The dynamic range of this 
receiver has not yet been measured. 

A coarse rf gain control is provided by 
a front-panel switch which decreases the 
gate-2 bias from the nominal 4-volt level 
to ground. This yields a gain reduction of 
about 15 dB. Since the application of 



TO TRANSMITTER 
MIXER (FIG. 3) 

5.0-3,35 MHi 
3V p-p 


TO RECEIVER 
MIXER (FIG. 3) 


inductance and Q to the Amidon 
T-50-6.* Substitution of Amidon cores 
should be possible using the same number 
of turns shown. 

Sensitivity measurements revealed a 
system noise figure of around 7 dB. 
Hence, the receiver is probably quite a bit 
hotter than can be used in normal loca¬ 
tions. Much of the dynamic range 
possible with mosfets was retained by 
terminating the mixer output with a 
330-ohm resistor. Since drain non¬ 
linearity is the usual mechanism for 
blocking in a fet mixer, a decrease in 
output load impedance results in relative 
freedom from this problem. Similarly, the 
load resistance presented to the drain of 
the rf amplifier is about 1000 ohms. If 
dynamic range problems are encountered, 
further improvement would result if the 
gate of each stage were driven from a tap 

•Amidon Associates, 12033 Otsego Street, 
North Hollywood, California 91607. 


gain reduction can often decrease the 
immunity of an fet rf amplifier to cross¬ 
modulation and IMD, passive front-end 
signal attenuation would be a better 
means of gain control. 

The output of the mixer is routed 
through a coax cable to the first crystal 
filter. This filter is always in the signal 
path and is used for ssb reception. The 
filter I chose was the WF-8 model manu¬ 
factured by Wheatlands Electronics.* This 
eight-pole unit performs well in this 
application, and probably represents one 
of the better component buys around. 

The output of the first filter is applied 
to a low-gain amplifier. A junk box 
2N3137 was used, although this stage is 
not critical, and could probably be re¬ 
placed with a 2N3904 or a 2N4124. 
Alternately, if some impedance matching 
is done at the input, a dual-gate mosfet 

^Wheatlands Electronics, P.O. Box 343, Arkan¬ 
sas City, Kansas 67005. 
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with a 510-ohm drain load resistor should 
perform well in this slot. The main 
function of this stage is to provide a 
proper driving impedance for the second 
filter with a minimum gain. 

During CW operation, a KVG type 
XF-9M four-pole crystal filter is switched 
into the system.* The switching is done 
with a pair of inexpensive slide switches 
which are mounted on the circuit board. 


input resistors have been chosen to 
properly terminate the KVG crystal filter. 
The bfo is a simple fet crystal oscillator 
which is trimmed from the front panel 
with an 80-pF variable capacitor. 

The audio section consists of a pair of 
2N3565 transistors and provides around 
70-dB of gain to drive high-impedance 
headphones. This amplifier is built on the 
same board that contains the sidetone 


VFO 

INPUT 



The switches are ganged together by 
drilling small holes in the plastic handles 
and attaching a strip of scrap PC board. A 
spade lug is also bolted to the connecting 
strap. A tapped, %-inch (6-mm) spacer is 
then screwed onto the spade lug. This 
spacer extends through the front panel 
where a knob is mounted. 

product detector and audio 

Shown in fig. 4 is the product detector 
and bfo used in the receiver. The detector 
uses a Motorola MC1496G integrated 
circuit. The configuration is generally the 
same as that shown in the Motorola 
applications literature, except that the 

"KVG crystal filters are available from Spec¬ 
trum International, Box 1084, Concord, Mas¬ 
sachusetts 01742. 


oscillator and control circuitry and is 
shown in fig. 7. 

Although the lack of gain at the 
intermediate frequency makes the possi¬ 
bility of adding age a bit difficult, this 
simplified distribution does have its vir¬ 
tues. The main advantage is that product 
detection occurs at fairly low signal 
levels. This minimizes the noise modula¬ 
tion effects which often occur in product 
detectors. Another problem which is 
avoided is the effect of bfo leakage. 
Often, stray bfo energy finds its way into 
a high gain i-f amplifier, causing both 
intermodulation and noise modulation to 
occur. This is avoided in a system of this 
kind. The overall result is a receiver which 
sounds exceptionally crisp and clean, a 
virtue usually limited to direct-conversion 
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receivers and some well designed 
superhets. 

transmitter mixer 

Shown in fig. 5 is the transmitting 
mixer and carrier oscillator for the trans¬ 
ceiver. Although it would be possible to 
replace the carrier oscillator with some 
energy from the bfo, this would necessi¬ 
tate the introduction of some offset of 


Motorola chip is by far the more satisfac¬ 
tory and is easily applied. 

Balance is maintained in the mixer by 
using a center-tapped tuned circuit in the 
output. This is realized by putting a 
bifilar winding of 15 turns on a toroid 
core and tuning the series combination. 
The required power-supply voltage is in¬ 
jected on the center tap and output is 
extracted from the tuned circuit with a 


+t2 



fig. 4. Product detector and bfo for the receiver used in the QRP transceiver. Transformer is wound 
on A mid on T-50-6 toroid or similar. 


the main system vfo during transmit. The 
use of a separate crystal oscillator was 
considered to be the simpler solution. 

The transmitting mixer itself uses 
another Motorola MC1496G doubly- 
balanced modulator 1C. This chip is 
ideally suited for this application due to 
the excellent balance available. This 
significantly reduces the amplitudes of 
many of the spurious products in the 
output from those which would appear in 
the output of a single-ended mixer. I have 
also used the RCA CA3028A and diode 
rings in this application, although the 


3-turn link. An alternate output network 
would be realized by shunt-feeding the 
MC1496G output collectors with rf 
chokes. Then, the high-impedance end of 
a tuned circuit could be lightly coupled 
to one of the output terminals. This 
method would have the advantage of 
being more easily bandswitched. 

The input levels feeding the mixer 1C 
are not extremely critical, although severe 
overdriving should be avoided since this 
will cause some deterioration in the rejec¬ 
tion of spurious output products. In the 
mixer shown, the carrier port is driven 
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with a little over 0.5 volt, rms, and the 
signal port has about 200 millivolts of 
drive. During receive periods, the supply 
voltage is removed from the mixer/ 
carrier-oscillator board. 

transmitter power chain 

The three-stage power amplifier which 
completes the transmitter is shown in fig. 
7. The 2IM3904 pre-driver and the 


gain might be provided by a single stage. 
First, I have found that it is usually 
worthwhile to add an additional stage 
with a decreased gain-per-stage to insure 
stability. The cost increase is minimal, 
but the unconditional stability is quite 
assuring. 

Class-A operation has the advantage of 
preserving linearity. This is somewhat 
important, even in a CW rig. In previous 


H2T 



fig. 5. Transmit mixer and carrier-oscillator circuits. The frequency of the 9-MHz crystal oscillator is 
adjusted to the center of the 9-MHz i-f with the crystal filter (fig. 3) switched in. Transformers are 
wound on Amidon T-50-6 toroids or similar. 


2N5859 driver are keyed. The final ampli¬ 
fier also uses a 2N5859. This Motorola 
TO-5 device is an excellent, general- 
purpose QRP device with a price tag of 
under one dollar. Since it has an f T of 
around 250 MHz, it should be usable up 
as high as the six-meter band, with power 
output up to about two watts. 

Both the pre-driver and the driver stages 
are operated as class-A amplifiers with 
emitter degeneration. There are a couple 
of reasons for this, even though sufficient 
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transmitters it was noted that the spuri¬ 
ous components in the output would be 
increased if an amplifier was allowed to 
saturate. The reason is that saturation 
would occur for the primary driving 
frequency, but the amplifier would still 
behave in a fairly linear fashion for 
spurious products. The net effect was 
that much of the filtering prior to the 
amplifier was negated. 

The bandwidth of the amplifier strip 
of fig. 6 is rather restricted. With the 




system aligned at 14.065 MHz, the 
commonly used QRP frequency on 20 
meters, the output was down by about 30 
dB when the vfo was tuned to the middle 
of the phone band. Most of the output 
power could be obtained, however, by 
retuning the output of the pre-driver. If 
operation of the transmitter over the 
total 20-meter band is required, the 
builder should provide for front-panel 


relaxation oscillator using a program¬ 
mable unijunction transistor (PUT). The 
sawtooth output is attenuated and 
applied to the input of the audio ampli¬ 
fier. Transmitter keying is accomplished 
with a series switch using a 2N4036 
silicon TO-5 transistor. Almost any sili¬ 
con pnp device can be used in this slot. 

In the circuits discussed above, the 
power supplies on the schematics have 
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TO T/R 
SWITCH 
(FIG. 7) 


fig. 6. Transmitter power chain provides 1.5-watt output into a 50-ohm load. 


adjustment of this tuned circuit. As 
shown, the system is flat over the CW 
portion of the band. 

The output power of the transmitter 
was measured at 1.5 watt into a 50-ohm 
load. When the output of the transmitter 
board was investigated with a lab-quality 
spectrum analyzer, it was found that the 
second harmonic was down by only 27 
dB. However, all other spurious outputs 
were over 60 dB down. Additional har¬ 
monic rejection is easily obtained with 
the half-wave filter at the transceiver 
antenna terminal. With two class-A stages 
being keyed, the backwave was more than 
70 dB below the usual output. 

control circuits 

Shown in fig. 7 is the final board which 
completes the transceiver. This board 
contains not only the audio system men¬ 
tioned earlier but the sidetone oscillator, 
a keying transistor and the T/R circuitry. 
The sidetone is obtained from a simple 


been labeled as +12V, +12R or +12T. All 
circuits labeled with +12V have voltage 
applied at all times. However, those with 
the R or T suffix have power applied only 
during receive or transmit intervals, re¬ 
spectively. The two voltages are derived 
from the antenna relay, K1. I used a dpdt 
relay with an 800-ohm, 12-volt coil, with 
the second set of contacts switching the 
antenna. 

You may have noted that the product 
detector has power applied at all times, 
even during transmit intervals. Initially, 
the detector was muted during transmit. 
However, an objectionable click appeared 
when the receiver came on again. This 
was the result of the large current surge in 
the 50-juF decoupling capacitor used on 
the detector board. 

The transmit-receiver logic is based 
upon a juA741C operational amplifier 1C 
used as a differential comparitor. Under 
key-up conditions, the 2.2-/uF capacitor is 
fully charged. However, when the key is 
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closed, this capacitor is discharged. When 
this happens, the voltage on the inverting 
input of the op amp (pin 2) drops below 
half of the power supply potential. This 
causes the op amp output to switch to a 
high state, near the 12-volt supply, and 
saturates the 2N3904 relay driver. When 
the key is released again, the timing 
capacitor begins to charge toward the 
12-volt supply through the 220-kilohm 
resistor. When the capacitor passes the 


keyer. This keyer 6 is based upon differen¬ 
tial comparitor logic similar to that used 
for the T/R control. 

additional thoughts 

The transceiver described and shown 
in the photographs was packaged in an 
LMB type CO-2 cabinet. The extra holes 
shown in the chassis are a reminder of an 
earlier receiver which resided in the same 
enclosure. Although there is an abundance 



There’s plenty of room under the chassis. Crystal filters are at right, next to transmit mixer 
and carrier oscillator. Transmit power chain is at bottom with control, keying and audio 
circuits to the left. 


6-volt point, the op amp changes state 
again and the relay opens. The hoJd-in 
time can be varied from the 0.5 second I 
used by changing the 220-kilohm timing 
resistor. 

There are two keying inputs shown. 
One is for the usual hand key. The other 
uses a two-circuit phone jack, with +12 
volts available on the second pin to 
supply power to an external electronic 
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of extra room left, this will eventually be 
used for a variety of accessories, including 
equipment for at least one vhf band. 

An obvious extension of this design 
would be the addition of other bands. Of 
the possible combinations, the easiest 
would be a 20- and 80-meter CW trans¬ 
ceiver. The receiver can be made 
operative on 80 meters merely by switch¬ 
ing the tuned circuits in the front end. 









The transmitter mixer is moved to 80 
meters by changing the output network 
in the transmitting mixer as described 
earlier. The output of the mixer should 
then be well filtered for the band in use. 
In this case, a lowpass filter would be 
suitable for 3.5 MHz with a bandpass filter 
being switched in for 14-MHz operation. 

The transmitter power chain could be 
replaced with a broadband design with 
appropriate lowpass filters switched into 


beyond the relatively simple systems con¬ 
sidered in this article. 

The performance of this transceiver 
has been more than satisfactory. Using 
only a ground-plane antenna, contacts 
have been made all over the United States 
and Canada as well as with VK, JA, UA0 
and DM. While the unit does not repre¬ 
sent the absolute ultimate in simplicity, 
the superior performance is well worth 
the minimal extra effort and expense. 



the output. If such an approach is taken, 
it is important that the filtering between 
the mixer and power amplifier be suffi¬ 
cient to provide an output free of 
spurious products. In most cases, a two- 
or three-section bandpass filter will do 
the job. 

If bands other than 80 and 20 meters 
are considered, it will be necessary to 
derive other local-oscillator signals. This 
could be achieved either by band¬ 
switching the vfo or by premixing the 
existing 5-MHz signal. Other, more 
elaborate synthesis techniques would 
yield superb performance, but they go 
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scattering 
characteristics of 

artificial 

Artificial aurora, 
created at will 
by high-power, 
high-frequency 
transmitters, 
may prove useful 
for long-distance 
vhf communications 


The U.S. Department of Defense has 
recently disclosed that it is now possible 
for man to create his own artificial radio 
aurora (ARA) capable of scattering radio 
waves of frequencies up to 450 MHz. The 
ARA can be produced in either the 
ionospheric E- or F-regions over a source 
of very powerful high-frequency radio 
waves directed upwards. Don't, however, 
expect to see this "aurora." The optical 
effects of ionospheric modification are 
very weak, corresponding to less than a 
30% change in the level of some character¬ 
istic lines in the night airglow spectrum. 1 

Research has taken place at three sites. 
One, 2 near Platteville, Colorado, operated 
by the Institute for Telecommunications 
Sciences (ITS), uses a transmitting system 
with an effective radiated power of 40 
megawatts. Two transmitting arrays are 
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radio aurora 
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used; one, for the frequency range 2.5 to 
5 MHz is composed of five crossed 
dipoles, and the other, usable between 5 
and 10 MHz, uses ten crossed dipoles. 
The crossed-dipole elements are fed in 
phase quadrature to produce circular 
polarization. It has been found that the 
ordinary magnetoionic component 3 pro¬ 
duced by right-hand circular polarization 
(in the northern hemisphere) produces 
the strongest ARA. The second iono¬ 
spheric heating facility at Arecibo, Puerto 
Rico, operated by Cornell University, 
uses a transmitter with one tenth the 
power output and an antenna with 10 dB 
more gain (the 1000-foot dish). A third 
facility, located at Gorki, 400 km east of 
Moscow, USSR, uses a transmitter with 
60-kW average power and 22-dB antenna 
gain. 4 

In the ionosphere, just below the 
reflection height, the high-frequency 
wave is retarded and energy is imparted 
to the electron gas, raising its tempera¬ 
ture. It is forced to expand along the 
magnetic field lines, creating field-aligned 
ionization irregularities. Although the 
fractional change in ionization density 
through these irregularities may be only a 
percent or so, each irregularity scatters 
coherently. Many of these long, thin 
irregularities are capable of scattering 
high-frequency and vhf signals just as the 
natural aurora does. The primary differ¬ 
ences as far as the radio amateur is 
concerned are that this is a very localized 
aurora, it may be turned on and off 
within seconds, and its height is deter¬ 
mined by the frequency of the heating 
transmitter. 

Since the scattering region is localized 



and the Doppler spreading is not great, 
voice signals reflected by ARA are still 
intelligible although there is rapid and 
deep flutter fading. 

A companion article appearing inC?57" 5 
this month describes ARA sounding and 
communications experiments and the di¬ 
rectional properties of the scatterers. 
Since I will go into further detail here, 
it may be to the reader's advantage to 
read the QST article first. 

F-region scatter observed 

Soon after the announcement of the 
triggering of spread F by the Platteville 
facility, 6 experimenters noted echoes on 
high-frequency sounding paths that were 
determined to be due to reflection from 


that the scattered signal remained after 
turnoff of the heating transmitter varied 
with the frequency and with the scatter¬ 
ing angle. The lower frequencies and the 
forward scatter paths had lower fading 
rates and were more persistent than 
higher frequencies and backscatter paths. 

High-frequency soundings had indi¬ 
cated that even higher frequencies might 
be usable, so equipment for receiving TV 
video carriers was set up at another field 
site near Bakersfield, California. The 
receiving system used an array of eight 
commercial LPA antennas (fig. 2), 
crystal-controlled converters and narrow- 
band receivers with recording on chart 
and tape. Fig. 3 shows chart recordings of 
some of the signals observed while the 


fig. 1. Field-strength 
recordings made in 
central California of 
the IJS ionospheric 
modification trans¬ 
missions (A) and a 
transmission from 
Arkansas at a fre¬ 
quency above the di¬ 
rect path MOF (B). 



TIME, GMT 


field-aligned irregularities from the F- 
region over Platteville. Fig. 1 shows a 
chart recording made in March, 1971, at an 
SRI field site in central California of 
experimental transmissions from a station 
in Arkansas. The frequency was chosen 
on the basis of oblique soundings to be a 
few MHz above the direct path MOF. A 
clear cause-and-effect relationship is 
shown, with the 20-MHz signal fading 
into the noise some 20 seconds after 
turnoff of the ionospheric modification 
transmitter. A-m voice modulation on 
this signal was quite readable. 

The fading rate and the lengths of time 


Platteville transmitter was being operated 
on a one-minute on, one-minute off 
cycle. 

It is difficult to identify a television 
station solely on the basis of its video 
carrier frequency.* Signals were never 
strong enough to demodulate and, in 
addition, too much co-channel interfer¬ 
ence existed from stations in northern 
and southern California. Based on ray- 

*ln the United States, Canada and Mexico, vhf 
TV stations are assigned video carrier frequen¬ 
cies of either 1.24, 1.25 or 1.26 M Hz above the 
lower edge of the channel. These are referred to 
as minus-, zero- or plus-offset, respectively. 
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tracing calculations, these TV signals are 
believed to have originated from stations 
in northern Mexico and southwest Texas. 

E-region scatter 

One of the most recent developments 
in ionospheric modification has been the 
observation of artificial radio aurora in 
the E-region over Platteville, Colorado. 
This development was made possible by 


110 km over Platteville, Colorado. (A 
similar picture for F-region reflectors is 
shown in the companion QST article.) 
Specular scattering may take place be¬ 
tween stations located on intersections 
of supplementary cone angles (their 
sum equals 180°). These curves were 
derived for a single field-aligned scatterer. 
Actually, such scatterers are present in a 
scattering region of 100-km diameter and 




fig. 2. Array of log-periodic TV antennas used at site near Bakersfield, California, to monitor TV 
video carrier signals scattered by ARA. 


the addition of five low-frequency 
crossed dipoles in an array at Platteville, 
which allowed operation at frequencies as 
low as 2.8 MHz. These frequencies are 
reflected from the E-layer during the 
daytime. 

Actually, most amateur experience 
with natural field-aligned scattering is 
that from the E-region, since the aurora 
rarely penetrates far enough south for 
echoes to be obtained from the F-region. 
Fig. 4 shows the intersection with the 
earth of scattering cones of various angles 
to the magnetic field at a height of 



10-km thickness. This distribution will 
spread the coverage by a similar distance. 
Soundings were made over a path from a 
transmitter site south of Albuquerque, 
New Mexico, to an ITS receiving site near 
Haswell, Colorado, where there is a 60- 
foot parabolic dish antenna (fig. 5). One 
of the sweep frequency soundings taken 
over this path, fig. 6, shows time delay, 
frequency coverage and radar cross sec¬ 
tion versus frequency. The sounding 
transmitter was turned off during those 
portions of the frequency sweep that fell 
within TV channels 4, 5 and 7. 





must compete with the noise power, P n 
which is 

P n = FkTB 

where F is the ratio of cosmic noise 
power to that produced by a termination 
(Johnson noise), k is Boltzmann's con¬ 
stant (1.38 x 10~ 23 ), T is the absolute 
temperature in degrees Kelvin, and B is 
the receiver bandwidth in Hz. To spare 
the reader the exercise of going through 
the numbers, I have calculated the mini¬ 
mum detectable cross section for an 
amateur CW station in various amateur 
bands having the following character¬ 
istics: 

P t = 500 watts 

r i = r 2 = 10 6 meters 

B = 100 Hz 

p r /p n = i 

G t = G r = 10 (10dB) 28MHz 

= 20 (13 dB) 50 MHz 
= 40 (16dB) 144,220MHz 
= 60 (18dB)432 MHz 

The minimum observable cross sec¬ 
tions are about 10 3 to 10 4 square meters 
(30 dBsm to 40 dBsm). These are shown 
in fig. 7 along with the range of cross 
sections observed from the Platteville 
heated region under ideal conditions for 
both E- and F-region heating. You can see 
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fig, 3. Field-strength recordings of TV signals received during 1-minute on, 1-minute off cycling of 
ionospheric modification transmitter. 



fig. 4. Contours of intersections with the earth 
of scattering cones from field-aligned scatterer 
at 110 km over Platteville, Colorado. Communi¬ 
cation can be established between stations 
located on contours of supplementary aspect 
angles* 

Radar cross section may be a new 
concept to some of you. It is here defined 
by the radar formula 

P r (4 tt) 3 r^rg 2 
° P t G t G r X 2 

where P t is the transmitted power output, 
P r is the received power input, X is the 
wavelength and ri and r 2 are the dis¬ 
tances from transmitter and receiver to 
target, respectively, in meters, and G t and 
G r are the transmitting and receiving 
antenna power gains over an isotropic 
radiator. This value of received power, P r , 
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that detection at 50 and 144 MHz is well 
within the capabilities of the advanced 
amateur station. 

It is quite possible that some amateurs 
may have already communicated two-way 
via ARA without realizing they were 
doing so. During the last test series at 
Platteville, about 264 hours of heating 


ionospheric modification at arecibo 

Since the Arecibo heating antenna 
beam is narrower than that at Platteville, 
the expected cross sections are some 10 
dB lower. Also, since Arecibo is not 
licensed at present for frequencies below 
5 MHz, E-region heating is not possible 



fig. 5. Sixty-foot dish and LPA feed at ITS field site near Haswell, Colorado. 


experiments were conducted (between 
September 10 and November 2, 1973). 
Of these, 47 were in the prime evening 
time interval, 0000-0600 UT. It is hoped 
that radio amateurs will have a chance to 
participate in future tests presently sched¬ 
uled for Platteville, Colorado, some time 
during the first half of 1975 and for 
Arecibo, Puerto Rico, during the first 
weeks of April, 1975. 
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and F-region heating is possible only 
during daylight and early evening hours. 
Fig. 8 shows a map of intersections with 
the earth of scattering cones from a 
field-aligned scatterer at 300-km height 
over Arecibo, Puerto Rico. 

Most likely to benefit from Arecibo 
ARA are the Caribbean, Venezuela, 
Columbia and possibly Central America— 
areas with very little amateur vhf activity. 






Perhaps some vhf DXpeditions would be 
in order. These are good areas, and April 
is a good time of year for transequatorial 
scatter. 

other possibilities 

If you are not fortunate enough to be 
in the ARA coverage areas of Platteville 
or Arecibo, do not despair. Much remains 
to be learned about what is really happen¬ 
ing during ionospheric modification. 
There is another form of scattering 
caused by plasma and ion-acoustic 
waves 7 - 8 which, though very weak, may 
be usable for stations within line-of-site 
of the ARA. Amateurs, being spread all 
over the country, are in a unique position 
to investigate paths not previously avail¬ 
able to researchers. 

In addition, much of what we have 
learned during these experiments will be 
of use to the radio amateur interested in 
scatter and auroral communication. Field- 
aligned ionization in nature? Yes, even at 
mid-latitudes, if you know how to look 
for it. 9 Further information on coverage 
areas for scattering by the natural aurora 
may be found in an article by R.L. 
Leadabrand. 10 I am convinced that the 
so-called X-mode (50-MHz signals back- 
scattered from sporadic E-patches) is due 
to field-aligned ionization in those 
patches. 11 And transequatorial propaga- 
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fig, 7. Radar cross«section of the Platteville 
ARA versus frequency for E- and F-layer 
echoes, 

tion is also probably due to forward 
scattering from field-aligned irregularities 
in the equatorial F-region. 12 In addition, 
experimenters have found that meteor- 
trail debris becomes field-aligned. 13 - J4 
Ranging capability, something lacking 
in most radio amateur stations, would 
prove invaluable in identifying these 
propagation modes. It is possible some 
may have been used for decades without 
proper identification. Ranging capability 
implies pulse or linear sweep-frequency 
CW operation, neither of which is in 
amateur use in the vhf bands. But here, 
perhaps, is an opportunity for the radio 
amateur to use some of those radar 
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fig. 6. Sweep-frequency sounding received at Hasweli, Colorado, showing echo from E-region ARA. 
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signals in the 220- and 420-MHz bands 
for scientific investigation. 
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fig. 8. Contours of intersections with the earth 
of scattering cones from field-aligned scatterers 
at 300 Km over Arecibo, Puerto Rico. The 
contour values are the angles between the cones 
and the geomagnetic field. 
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improved 

channel scanner 


for vhf fm 

A complete 
four-channel 
vhf fm scanner 
that can be built 
for ten dollars 


If someone were to tell you that an 
integrated-circuit receiver scanner could 
be improved by redesigning it with dis¬ 
crete components, you'd say they were 
crazy! But, forced with difficulties in 
obtaining TTL logic elements for the 
K2LZG scanner kit, 1 and having previous 
experience in simplifying communica¬ 
tions circuitry by eliminating ICs, I re¬ 
designed the scanner circuit with discrete 
components. This produced many un¬ 
expected side benefits. 
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The scanner built with discrete compo¬ 
nents (fig. 1) offers the following advan¬ 
tages, in addition to availability and cost 
of components. 

1. Simpler type of readout. 

2. Ease of maintenance— troubleshooting 
is easier with discrete components and 
spare parts are no problem (almost any sili¬ 
con transistors provide proper operation). 

3. Unit operates directly from a 10- to 
15-volt power supply. 1C version requires 
a 5-volt regulator. 

4. Less current drain — about 8 times less 
than the 1C version with regulator. 

5. Smaller — PC board layout is one- 
quarter to one-third the size of the 1C 
version. Actual size of board is 2x2-1/8 
inches (51x54 mm). This is primarily due 
to the flexibility of discrete components 
in crossover-free, small area layout. 

6. Flexibility of design — unit can be 
adapted easily for less than the full four 
channels without having to skip channels 
between the active ones. The unit is also 
adaptable to any desired scan rate with a 
simple component change. 
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The new design also takes into account 
several variable factors which you may 
run into when applying the scanner to 
your particular receiver. The unit can be 
used with either positive or negative logic 
from your squelch circuit. That is, scan¬ 
ning can be stopped with either a positive 
or ground signal. The input circuit is very 
sensitive; therefore, almost any voltage. 


theory of operation 

Transistors Q3 and Q4 form an astable 
multivibrator, operating at a pulse repeti¬ 
tion rate of approximately 10 pulses per 
second. Transistor Q2 turns on to stop 
the multivibrator when Q2's base is high. 
Q2 does this by shorting the base of Q4 
to ground. Normally, squelch circuits 
have a high output available when closed 



fig. 1. Schematic diagram of the improved fm receiver scanner. Additional channels may be added by 
connecting additional ring-counter stages, as discussed in the text. 


typical test voltages, volts 
(ground reference) 


Q1 collector 

0.6/0 

Q3/Q4 base 

0/0.6 

Q3/Q4 collector 

0/12 

Q5 base 

0.6 

Q5 collector 

0.1 

Q6/Q8/Q10/Q12 base 

12/4 

Q6/Q8/Q10/Q22 collector 

0/5 

Q7/Q9/Q11/Q13 emitter 

0/3.8 

a few volts up, may 

be used 


operate the scan-stop circuit. The unit 
normally puts out +5 volts to turn on 
(enable) the oscillator. However, simple 
additional inverter transistors used with 
the oscillator turn-on circuits allow the 
scanner to operate with oscillator circuits 
requiring a ground signal to enable. 


and a tow output when open. Therefore, 
inverter Q1 is used to provide the proper 
polarity signal to operate Q2. Transistor 
Q1 is tied to the collector of the squelch 
switch stage in the receiver through a 
100k isolation resistor to turn on Q1 
when the squelch is closed. When the 
squelch is open, Q1 is turned off, Q2 is 
turned on, and Q4 is locked off. This 
stops the sequencing action of the scan¬ 
ner. For those squelch circuits operating 
in the opposite sense, the alternate circuit 
connections shown on the schematic may 
be used. Transistor Q1 is deleted, and 
Q2's base is operated directly from the 
receiver. 
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Transistors Q6 to Q13 form a four- 
stage ring counter. Normally each stage is 
turned off by the base-emitter biasing on 
the pnp transistor. When power is first 
applied, the 33-juF capacitor in the bias¬ 
ing circuit for the base of Q6 ensures that 
the first stage will turn on by momentar¬ 
ily upsetting the normal bias. Subsequent- 


+ \2V 



fig. 2. The receiver scanner shown in fig. 1 may 
be used with osciiiators that require +5 volts for 
turn-on (A), or for oscillators requiring a 
ground for turn-on (B). 

ly, due to the return for ring counter 
stages being pulsed by Q5, the high 
output is passed from one stage to the 
next in an endless ring pattern. Normally 
Q5 is turned on hard to ground, and it is 
pulsed to a high condition for a short 
pulse duration each time a negative-going 
pulse is received from the multivibrator. 
When the pulsating action ceases due to 
operation of the squelch circuit, the ring 
counter stops stepping, holding the out- 
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put of one ring counter stage high until 
the squelch circuit closes. 

The collector of the pnp transistor in 
each stage provides a +5 volt output 
directly to the oscillator to be enabled 
and also through a 270-ohm current- 
limiting resistor to the LED readout 
corresponding to the enabled channel. It 
is important to note that the 270-ohm 
resistor in each stage must be connected 
to the LED for proper biasing to be 
maintained. If LEDs are not used, adjust¬ 
ments in the circuit or dummy resistor 
loads must be used to maintain the same 
current flow in other parts of each 
ring-counter stage. 

The outputs of the scanner can be used 
to turn on oscillators in various ways, 
depending on the particular oscillator. 
Since this subject has been treated in 
several magazine articles, 1 * 2 only a few 
examples will be given. Refer to fig. 2 for 
examples of two common types of oscil¬ 
lators which may be encountered. The 
examples illustrate, in general, how oscil¬ 
lators may be enabled by the scanner. 

The first circuit (fig. 2A) shows a 
typical +5 volt turn-on type of oscillator. 
This circuit is used in a vhf fm receiver 
described in a previous article. 3 The 
oscillator has no internal bias; therefore, 
it cannot oscillate by itself. The base of 
the transistor, connected through a coil 
to the crystal and to the enable line 
through a resistor and 0.01-juF bypass 
capacitor, is biased on by +5 volts from 
an external source. The resistor and by¬ 
pass capacitor block the flow of rf on the 
control line. Application of approxi¬ 
mately +5 volts from a scanner circuit to 
the control line will turn the desired 
oscillator on. 

The second circuit (fig. 2B) shows a 
conventional oscillator circuit adapted to 
multichannel operation by using diode 
switching. This circuit was commonly 
used a few years ago to modify older 
tube-type equipment for multichannel 
operation. In this circuit the crystal is 
essentially turned on at appropriate times 
by grounding the corresponding control 
line. In this case each leg is turned on 
when desired by a ground from an added 



inverter transistor which turns on when 
+5 volts is applied to its base from the 
scanner through an isolation resistor. 

It can be seen from these examples 
and the referenced articles that almost 
any fm transceiver or receiver can be 
modified to provide scanning operation. 
Application of one or more of the ideas 


instead of the next stage. This effectively 
shortens the ring. The Q6/Q7 stage must 
always be used since the bias circuit for 
the base of Q6 includes a capacitor and 
resistor which ensure that the ring 
counter operates when power is first 
applied. On the PC board shown in fig. 3 
this is best done by reconnecting the last 



fig. 3. Printed-circuit layout for the improved fm receiver scanner. Component layout 
is shown in fig. 4. 


illustrated can be used to convert almost 
any oscillator circuit. 

scanner circuit modifications 

There are at least four possible modi¬ 
fications which may be of interest to 
other system requirements, if necessary. 

1. Less than four-channel scan. This 
may easily be accomplished by reconnect¬ 
ing the 0.05-£tF capacitor at the bottom 
of the last ring-counter stage to be used. 
It should be rewired to the first stage 


0.05-/iF capacitor to the line along the 
bottom of the board running back to the 
first stage. 

2. Changing scan speed. The speed was 
set up to be the optimum compromise 
between proper squelch triggering and 
ability to catch short transmissions. If the 
approximate 10 channel/second rate re¬ 
quires change for some reason, different 
values for the two 33-juF capacitors in the 
multivibrator will change the oscillation 
rate of that stage. 
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3. Increasing number of channels. If 
you can stand the confusion of scanning 
more than four channels, more than one 
board may be used. Link the ring counter 
stages on the two (or more) boards, and 
use only the triggering and timing circuits 
of the first board. 

4. Programming channels. Switching 
schemes can be used between the scanner 


pads darkened in on the layout drawing, 
fjg. 4, and the top leads are looped back 
down to the pads which are circled. 
Polarity should be observed on the diodes 
and electrolytic capacitors. Install the 
2N3644 transistors first to avoid any 
mixup later with the 60132 (general 
purpose npn) transistors. 

Pads which are circled and have an X 
in them are inputs and outputs and will 



0+12 V 


fig. 4. Component layout for the improved fm receiver scanner. Dark circles indicate bottom of 
resistors (or diodes) installed in vertical position; the other lead is looped over to the open circle. 


outputs and the various oscillators to 
disable one or more channels at certain 
times or to select particular channels to 
be monitored out of a bank of the 
available channels. 

construction 

Assembly is straightforward. If the 
etched circuit board shown in fig. 3 is 
used, most of the resistors and all of the 
diodes are installed standing up on the 



accept wire such as number-22 hookup 
wire, for connections to the outside 
world. The +12-volt terminal should be 
connected to a source of filtered +10 to 
+15 Vdc. The input terminal should be 
connected to the collector of the re¬ 
ceiver's squelch switch stage. If the alter¬ 
nate input is used, Q1 and the 100k 
resistor from +12 volts to the base of 02 
can be eliminated and the 100k resistor 
from the input terminal can be connected 




directly to the base of Q2. The oscillator 
outputs should be connected to indi¬ 
vidual oscillator stages, and the LED 
outputs should be connected to the 
anodes of the LEDs. 

The cathodes of the LEDs should be 
connected to ground. Using the type of 
LED supplied in the kit,* the orange dot 
on the base indicates the cathode ter¬ 
minal. Be sure you observe polarity or the 
LED won't illuminate. The LEDs sup¬ 
plied with the kit may be mounted by 
inserting them in 13/64-inch (5-mm) 
holes drilled in the front panel of the 
radio. A spot or two of epoxy cement on 
the base of each LED behind the panel 
should hold them in place. Alternate 
LEDs sometimes have one short lead to 
indicate the cathode. Likewise, alternate 
1N4148 diodes used in ring counters have 
their cathodes identified by a shorter 
lead. 

If you wish to use both the scanner 
and a regular channel switch, this may be 
done by first connecting the oscillators to 
operate with the scanner and then wiring 
up a rotary channel switch to supply +5 
volts to select oscillators when the scan¬ 
ner is turned off. A five-position switch 
can be used for this purpose with the 
fifth position turning on the scanner. In 
positions 1 through 4, the scanner is 
turned off, and +5 volts is connected 
through the switch to the oscillators 
corresponding to the selected channel 
positions on the switch. 
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# ln conjunction with this article a kit is 
available, complete with undrilled G-10 PC 
board, all components, the LED indicators and 
an instruction manual. Price of the kit is $10, 
including domestic parcel post. If desired, add 
50/: for a number-66 drill bit or 40«! for air-mail 
delivery. To order, or to obtain information on 
other fm kits, write to Hamtronics, lnc„ 182 
Belmont Road, Rochester, New York 14612. 


DATA 

SIGNAL 

the latest in station accessories 

AUDIO AUTOMATIC GAIN 
CONTROL AMPLIFIER 

Is your tone decoder having problems due to in* 
put signal variations? If so, eliminate these and 
other problems caused by weak, strong or vary¬ 
ing input signals. The AAGC-1 will take signal 
levels between 50 mV to 5 Volts and feed a 
clean rock stable signal to any decoder for per¬ 
fect operation. Give your decoder a chance to 
decode properly with our AAGC-1 amplifier. 

Shipping Weight 3 oz. $14.95 kit 
$19.95 wired 

DELUXE RECEIVER PREAMPS 

Specially made for both OLD and NEW receivers. 
The smallest and most powerful single and dual 
stage preamps available. Bring in the weakest 
signals with a Data Preamp, Now with im¬ 
proved FET's for greater performance. 


BAND 

STAGES 

GAIN 

NOISE 

FIGURE 

KIT 

PRICE 

WIRED 

PRICE 

10 meter 

Single 

25 dB 

2 dB 

$15.50 

$18.50 

6 meter 

Single 

25 dB 

2 dB 

$15.50 

S18.50 

2 meter 

Single 

20 dB 

2.5 dB 

$15.50 

$18.50 

2 meter 

Double 

40 dB 

2.5 dB 

$30.50 

$36.50 

220 MHz 

Single 

17 dB 

2.5 dB 

$15.50 

$18.50 

220 MHz 

Double 

35 dB 

2.5 dB 

$30.50 

$36.50 


CRICKET 1 ELECTRONIC KEYER 

A popularly-priced 1C keyer with more features 
for your dollar. Cricket I is small in size and 
designed for the beginner as well as the most 
advanced operator. It provides fatigue-free send¬ 
ing and its clean, crisp CW allows for easy 
copying at all speeds. Turned on its side, the 
Cricket can be used as a straight key for man¬ 
ual keying. Right or left hand operation. AC/DC. 

Shipping Weight 3 lbs. $49.95 
OTHER EXCITING PRODUCTS INCLUDE 

TOUCHTONE TO ROTARY CONVERTER 
TOUCHTONE TO TOUCHTONE CONVERTER 
TOUCHTONE PADS 
AUTOMATIC DIALER 
ANTI-FALSING TOUCHTONE DECODER 
AGC AMPLIFIER 


Write today for complete details 

Data Signal, Inc. 

Successor to Data Engineering, Inc. 

2212 Palmyra Road 
Albany, Ga. 31701 

912 - 435-1764 
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how to measure 

peak envelope power 


Don't depend 
on your meters 
for accurate measurement 
of PEP input power — 
use the technique 
discussed here 


It's unfortunate that the FCC requires 
amateur radio stations to compute power 
input for logging purposes. This is simple 
for fm or CW or even the almost-obsolete 
“conventional a-m" (6A3). For the user 
of single sideband (3A3J), however, the 
undertaking is far from simple. The pur¬ 
pose of this article is to identify those 
aspects that contribute to the difficulty 
of measurement and to present methods 
whereby the measurement may be made 
with a reasonable degree of accuracy. 

Because the input power to an ssb 
transmitter continually varies when trans¬ 
mitting voice signals, custom and law 
stipulates that peak input power must be 
that which is measured. How do you 
catch that fleeting, almost ethereal peak 
of power induced by the upper excursion 
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of a complex waveform? No meter can 
follow it without unpredictable lag or 
overshoot. Even if it could, what eye 
could register a needle flick of less than a 
thousandth of a second? Being knowl¬ 
edgeable of the instantaneous plate cur¬ 
rent, assuming you're using a vacuum 
tube in the metered stage, is, by itself, a 
formidable undertaking. But power com¬ 
putation also requires knowledge of 
instantaneous plate voltage. Unless the 
transmitter's power supply has superb 
dynamic regulation, far better than you 
have any right to assume, you're faced 
with another (but not quite so formi¬ 
dable) task of super-quick information 
gathering. 

We've coasted along for years with the 
possibly-right, probably-wrong assump¬ 
tion that the peak needle excursion of a 
plate current meter equals one-half of the 
actual peak current. The FCC gives a 
quasi blessing to this assumption by 
accepting it, but only if the meter is that 
supplied by the original equipment manu¬ 
facturer. It's highly doubtful that any 
FCC engineer has illusions regarding the 
accuracy of this method of ascertaining 
peak plate current. It's accepted only 
because not accepting it would rule off 
nearly every ssb transmitter in the Ama¬ 
teur Radio Service. 

Unless the input power is within 10% 
of the maximum permitted, the FCC will 
also accept the nominal rated voltage of 
the plate power supply. 

Now, let's review what we have for 
making our educated guess as to the peak 


input power of a voice-modulated ssb 
transmitter: 

1. A plate meter indication that is de¬ 
pendent upon the dampening charac¬ 
teristics of the meter as well as upon the 
voice characteristics of the speaker. These 
voice characteristics vary not only from 
person to person, but also as to type of 
speech used by the individual. If you talk 
close to the microphone, with the gain 
turned up, using a monotone normal to 
confidential conversation, the meter will 
give one type of deflection. On the other 
hand, if you're back from the micro¬ 
phone, talking in a quick, excited tone, 
the deflection will be quite different for a 
given peak excursion. 

2. The plate voltage may be measured, 
or it may be taken from the manufac¬ 
turer's specifications. If measured, it may 
have been under no load condition. If 
under loaded conditions, the fall-off 
under syllabic current loads may possibly 
be gradual enough to be read on the 
voltmeter. Unless a huge filter capacitor 
is used, it's probable that voice-peaks 
markedly load down the voltage. 

The probabilities of truly accurate 
measurement of peak input power are 
about the same as those of rolling a seven 
ten times running at a Las Vagas gambling 
table! How, then, can you make an 
accurate measurement? 

Assuming, for a start, that you have a 
child-like trust in the utter trueness of 
the stated plate voltage, I'll delve into the 
matter of plate current measurement. 
Let's hope your transmitter permits an 
easy access to its negative high-voltage 
lead so that this lead may be broken for 
the insertion of a small resistor. Other¬ 
wise you'll need, in addition to the 
normal equipment, an isolation trans¬ 
former {good for quite high voltage), a 
well-insulated oscilloscope cart and the 
type of constitution that permits playing 
Russian roulette! 

But let's say your transmitter is 
metered in the negative lead, as are most 
modern designs. You break the lead at a 
point that does not present any uninten¬ 


tional shunt paths, insert a resistor of a 
few ohms, connect an oscilloscope across 
this resistor, and then calibrate the scope 
in terms of current. It's best to use a 
scope with a long-persistence CRT. This 
lets you take a deliberate view of a trace 
that flicks across the face in less than a 
thousandth of a second. Now, as you 
speak into the microphone, you'll be able 
to see the maximum current drawn, 
reading it off the calibrated oscilloscope 
graticule. 

For a better idea of your peak input 
power (if you can scrape up another 
scope), you can build a resistive voltage 
divider across the output of your power 
supply, tapping off a little potential for 
your scope input. Here, again, you have a 
simple calibration job to do. With two 
measuring devices which are not bur¬ 
dened by inertia and yet hold a reading 
(peak for current, dip for voltage) long 
enough to permit accurate observation, 
you're all set to read peak input power. 
(Provided that you're using a common- 
cathode triode operating in class A or 
class AB1.) 

Have you noticed the way the FCC is 
currently grading its operator examina¬ 
tions? Power input to a vacuum tube no 
longer is measured by just its plate power 
input. You must also consider the power 
fed into the screen grid (if used), the 
suppressor grid (if used) and the control 
grid! That last is rf power. The others are 
dc, of course. 

Most high-power rf amplifiers use 
common-grid triode vacuum tubes (also 
called grounded-grid). If yours does, com¬ 
ing up with the total power input is 
comparatively easy. All you need to do is 
to first measure the vswr on the line 
between the exciter and final. Make it 
unity. Then measure the instantaneous rf 
voltage on it with another calibrated 
oscilloscope. Compute the rf power by 
E 2 /R, where R is the cable impedance. 
Add this power to the measured dc input 
power, and you should have fully satis¬ 
fied all the requirements for ascertaining 
the peak input power of your ssb trans¬ 
mitter! 

ham radio 
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how 


to predict 

harmonic output 


Determining 
drive points 
for optimum 
harmonic 
generation 


Why are certain oscillator circuits better 
suited for frequency doubling than 
others? Why are other circuits more 
suitable for frequency tripling? Questions 
like these have bothered many amateurs 
and experimenters. It is the aim of this 
article to shed some light on the subject 
of the harmonic content of some 
common non-sinusoidal waveforms. 

A signal of pure sine waves contains 
only its fundamental frequency. Any 
departure from this sine-wave pattern, no 
matter how small, is due to the presence 
of additional frequencies that are multi¬ 
ples (harmonics) of the fundamental fre¬ 
quency. If this non-sinusoidal wave can 
be given an exact mathematical descrip¬ 
tion, the amplitude and phase of each 
harmonic frequency it contains may be 

™ calculated. 

2 analysis 


E For example, assume that we have a 

series of waves, all alike, each looking like 
that pictured in fig. 1. This is a sine wave 



C negative peak clipping. Graph shows relative 
iZ amplitudes of the resulting harmonic products. 
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with the tip of the lower loop sliced off. 
Such a waveform might be produced 
when an amplifier is driven slightly 
beyond the cutoff point. 

A Fourier analysis will show that this 
deformation of the sine wave gives rise to 
an endless number of harmonics, with 
amplitudes that tend to decrease with 
growing frequency. However, this ten¬ 
dency is not uniform. 

The chart in fig. 1 illustrates the 
relative amplitude of each harmonic fre¬ 
quency up to the 30th. The scale is log¬ 
arithmic, and the columns show the ampli¬ 
tudes of the harmonics as a percent of the 
original waveform's amplitude. 



fig. 2. Harmonics generated when the lower 
portion of a sine wave is sliced off for one-third 
of the period. Maximum harmonic output 
occurs at harmonics which are third multiples 
(3, 6, 9, etc.) of the fundamental frequency. 


As mentioned before, the general trend 
is for the amplitude to decrease with in¬ 
creasing harmonic number, but this ten¬ 
dency is not uniform. A curve joining 
the tops of the relative amplitude 
columns makes a kind of wave pattern of 
its own. with minimum values at the 9th, 
15th, 21st, and 27th harmonics. 

Fig. 2 shows the situation when a still 
larger portion of the lower half of a sine 
wave is sliced off. In this case it would 
seem that an amplifier is driven into 
cutoff for a third of the duration of a 
period. In this case harmonic content is 
maximum for every harmonic divisible by 
three. Peculiarly, the two intervening 
harmonics have amplitudes of equal 
magnitude. 

Another point worth noting is that the 
fundamental frequency (or the first har¬ 
monic) has an amplitude about 7% larger 



fig. 3. Sine wave with entire negative portion 
clipped off (rectified half-wave). Note that 
odd-order harmonics are eliminated entirely. 


than the original deformed sine curve. 
What a temptation to drive an amplifier 
just a trifle over saturation, to get that 
little extra gain at the fundamental fre¬ 
quency! Actually, for this series of ideal¬ 
ized waveforms the fundamental fre¬ 
quency increases to a maximum of 
107.305% when the portion of the 
sliced-off sine wave represents 31.9% of 
the period. 

half sine waves 

Fig. 3 shows the case where the lower 
excursion of the sine wave has been 
clipped off entirely—a rectified half wave. 
Note that every harmonic with an uneven 
number has disappeared. The fundamen¬ 
tal frequency has an amplitude equal to 
the actual amplitude of the half wave. 

Fig. 4 shows a sine wave sliced off 
even more, so that only a third of the 
period is left. The envelope over the 
harmonic columns shows a pattern much 
like fig. 2, but the fundamental frequency 
has an amplitude of only 78% of the 
curve's amplitude. The higher harmonics, 
though, have larger amplitudes than those 
of fig. 2. 



fig. 4. Raising the clipping point above the 
zero-crossing point sharply increases harmonic 
output. Note resemblence of this spectrum to 
that of fig. 2. 
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In fig. 5 the sine wave is sliced off so 
much that only one-sixth of the period 
remains. The fundamental frequency has 
an amplitude of only 43% of the curve 
but the harmonics are quite prominent. 
As in fig. 1, the envelope over the 
harmonic amplitude columns shows a 
wave pattern with minima at the 9th, 
15th, 21st and 27th harmonic. For more 
precise harmonic amplitude values for fig. 
1 through fig. 5, see table 1. 

what this means 

Now we can return to the questions 
asked at the beginning of this article. Why 
are certain circuits better suited for fre¬ 
quency doubling than others? Looking at 
table 1, you can see that the second 
harmonic in the column under 2/3 is 
larger than all the others. This means that 
slicing off two-thirds of the sine wave 
would give better second harmonic per- 


table 2. Sine waveform clipping required to 
optimize different harmonics. 


harmonic 

clipping 

conduction 

amplitude 

number 

required 

angle 

(maximum) 

1 

31.9% 

245.1° 

107.305% 

2 

66.7% 

119.9° 

55.133% 

3 

77.9% 

79.7° 

36.908% 

4 

83.4% 

59.8° 

27.719% 

5 

86.7% 

47.7° 

22.190% 

6 

89.0% 

39.8° 

18.498% 

7 

90.5% 

34.1° 

15.859% 

8 

91.7% 

29.9° 

13.878% 

9 

92.6% 

26.5° 

12.337% 

10 

93.4% 

23.9° 

11.104% 

11 

94.0% 

21.7° 

10.095% 

12 

94.5% 

19.9° 

9.254% 


formance than any of the other clipped 
waveforms pictured. Actually, for the 
highest second harmonic content, 66.68% 
of the sine wave must be clipped off. This 
represents a conduction angle of 119.9° 
and provides a second-harmonic amplitude 
of 55.133% of the basic curve's amplitude. 


table 1. Harmonic amplitudes as a percentage of the basic sinusoidal waveform for various amounts 
of clipping. 


portion clipped off bottom of sine waveform 


harmonic 

1/6 

1/3 

1/2 

2/3 

5/6 

number 

(fig. i) 

(fig. 2) 

(fig. 3) 

(fig. 4) 

(fig. 5) 

1 

104.089 

107.267 

100.000 

78.200 

43.045 

2 

2.843 

18.378 

42.441 

55.133 

39.598 

3 

2.462 

9.189 

0.000 

27.566 

34.293 

4 

1.990 

1.838 

8.488 

5.513 

34.293 

5 

1.477 

1.838 

0.000 

5.513 

27.719 

6 

0.975 

2.100 

3.638 

6.301 

20.576 

7 

0.528 

0.656 

0.000 

1.969 

13.577 

8 

0.169 

0.656 

2.021 

1.969 

7.349 

9 

0.082 

0.919 

0.000 

2.757 

2.357 

10 

0.224 

0.334 

1.286 

1.002 

1.143 

11 

0.269 

0.334 

0.000 

1.002 

3.120 

12 

0.239 

0.514 

0.890 

1.542 

3.741 

13 

0.162 

0.202 

0.000 

0.606 

3.323 

14 

0.069 

0.202 

0.653 

0.606 

2.261 

15 

0.018 

0.328 

0.000 

0.985 

0.957 

16 

0.079 

0.135 

0.499 

0.405 

0.245 

17 

0.109 

0.135 

0.000 

0.405 

1.106 

18 

0.106 

0.228 

0.394 

0.683 

1.513 

19 

0.078 

0.097 

0.000 

0.290 

1.471 

20 

0.036 

0.097 

0.319 

0.290 

0.506 

21 

0.006 

0.167 

0.000 

0.501 

0.089 

22 

0.040 

0.073 

0.264 

0.218 

0.559 

23 

0.058 

0.073 

0.000 

0.218 

0.813 

24 

0.059 

0.128 

0.221 

0.384 

0.826 

25 

0.045 

0.057 

0.000 

0.170 

0.633 

26 

0.022 

0.057 

0.189 

0.170 

0.311 

27 

0.003 

0.101 

0.000 

0.303 

0.042 

28 

0.024 

0.045 

0.163 

0.136 

0.336 

29 

0.036 

0.045 

0.000 

0.136 

0.507 

30 

0.038 

0.082 

0.142 

0.245 

0.529 
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fig. 5. Severely clipping a sine wave so that only 
the positive peak remains results in lower-order 
harmonic output very nearly as strong as the 
fundamental. 

In table 2, the optimum slice-fractions 
(conduction angles) are given for 
harmonics up to the 12th, with their 
corresponding highest possible amplitude 
for this set of non-sinusoidal curves. 


-e^vc^brings you the best 
in 220 MHz transceivers 


modelHR-220 



American Made Quality at Import Price 



summary 

An oscillator producing an output 
curve in the form of a horizontally 
amputated sine wave will provide good 
second harmonic content if the horizon¬ 
tal part of the curve is approximately 
two-thirds of the total period. If fre¬ 
quency tripling is wished, the horizontal 
part of the curve (that is, the duration 
of the cutoff) should be in the neigh¬ 
borhood of three-quarters of the total 
period. Conversely, if a specific harmonic 
must be minimized the data of table 1 
can be used to determine the best oper¬ 
ating point. 


Full 12 Channels with 
10 Watts Power Out 

Compactly designed for dash 
mount, this little transceiver gives 
you big signal power on 
the go ... at low current drain. 3 
watts audio equipped with a noise 
operated squelch system provides 
clear reception and excellent 
sensitivity of 0.4 /nv. High-Low 
power switch. American Made 
and Regency reliable, the HR-220's 
solid state design brings you 
tough, top quality circuitry 
at the low price of only 


APPENDIX 

A Fourierseries of the form f(X) - VsB 0 4 ajCOsX 4 
a 2 cos(2X) + ... for a sine wave clipped off by a 
fraction 2V of the total period 2n will have the 
following coefficients: 

a 0 = (2/(1 + cosV) | 12/nlJ" (cosV cosX) dX 
= 14/tt(1 + cosV}] Htt V)co$V4$inVJ 
a, * (2/(1 + cosV)I [2/nJ v /* (cosV cosXlcosX *dX 
= (2/77(1 4 cosV)] (V 77 sinV - cosV] 
a n * (2/(1 4 cosV) | ( 2 / 77 1 v J(cosV cosXJcos (nX) *dX 
* [2/n(1 4 cosV)| 

fsin (n 4 1 ) V sin (n 1) V 2 sin(nV)cosV~ | 

L n 4 1 n 1 n J 

a G represents the value of the direct current present, 
and has no significance in this discussion. The absolute 
values of a 1 , a 2 .and so on, give the relative amplitudes 
of the corresponding harmonics. 
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the code mill 


A Morse keyboard 
that provides perfect 
character generation 
as well as 
perfect letter and 
word spacing, 
regardless of the 
operator's 
keyboard skill 
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Almost without exception, any person 
who uses Morse code can attain highest 
copying speed only when the code is sent 
perfectly. Because of this, and also in 
many cases as a matter of pride, most 
amateurs have tried to improve their 
sending technique. Many different kinds 
of equipment have been devised which 
can assist in this, but none of these, 
reasonably available to the average 
amateur, can produce perfect code, de¬ 
spite claims to the contrary. 

Perfect International Morse code con¬ 
sists of five parts: the dot, which is one 
time unit or baud; the dash, which is 
three bauds; the space between each 
element of a Morse character, which is 
one baud; the space between letters, 
which is three bauds; and the space 
between words, which is seven bauds. 
Each and every one of these five parts of 
International Morse must be produced 
with machine-like precision — not a single 
one can be produced by human estima¬ 
tion if perfect code is to be the result. 

The typical bug can make dots quite 
well but the other parts of the code are 
up to the operator. Some types of elec¬ 
tronic keyers can produce dots, dashes 
and the spaces between them in proper 
form, but the operator is responsible for 
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the letter and the word spaces. The latest 
device, which goes a step beyond the 
electronic keyer, is what I call a code 
mill. In radio parlance a typewriter is a 
mill, so what better name for keyboard 
keyers? 

These code mills create perfect dots, 
perfect dashes, perfect spacing between 



fig. 1 Block diagram of the code mill which uses 
first-in first-out (FIFO) serial memory to gener¬ 
ate perfect Morse code characters and spacing, 
regardless of the operator’s keyboard skill. 


elements of the characters and terminate 
each character with a perfect letter space. 
Whether this letter space remains perfect 
depends on the availability of the suc¬ 
ceeding letter at precisely the right time. 
This in turn depends on whether the 
operator is successful in punching the key 
of the succeeding letter during what 
might be called its launch window. This 
launch window becomes quite narrow as 
the code speed increases and is almost 
intolerably narrow for any character 
which may follow the letter E (the launch 
window in this case is less than a tenth of 
a second at 30 wpm). 

Some keyboard keyers provide a one- 
character storage latch at the input of the 
circuitry but even this partial solution 
requires the operator to anticipate various 
letter combinations. The varying length 
of the different Morse characters is not 
compatible with the smooth rhythm of 
good typing, particularly at the higher 
speeds. And, of course, the usual code 
mill does nothing whatsoever about word 
spacing. Listening on the air will give 
ample evidence of the inability of such 
devices to produce perfect code. 

the solution 

The obvious answer to the problem is 
to design a code mill which will auto¬ 
matically produce all five parts of the 
Morse code. Since this includes word 
spaces, a space bar for the keyboard is 
required, as in teletype equipment. 
Furthermore, to maintain exact letter 
spacing, the availability of successive 
characters must also be automatic. This 
means that the operator and his some¬ 
times erratic operation of the keyboard 
must be isolated from the code trans¬ 
mitting circuits. 

The electronic equivalent of a vending 
machine can best meet this requirement. 
The keyboard operator dumps the mer¬ 
chandise in at the top in the proper 
sequence and at whatever rhythm suits, 
including the "hunt and peck" system. 
The code transmitting circuit puts the 
"coin in the slot” and extracts the mer¬ 
chandise in the same sequence but at 
precisely the correct instant. 
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the circuit 

This and the following paragraphs de¬ 
scribe a code mill with an electronic 
vending machine having a storage 
capacity of 64 Morse characters. This 
code mill produces perfect code at any 
speed between 7 and 70 wpm as long as 
the operator keeps the storage partially 
filled and does not ex¬ 
ceed its storage capa¬ 
city at any time. 

The block diagram 
of fig. 1 shows the basic 
arrangement which uses 
two Fairchild 3341 mos 
ICs for storage. Each 
3341 is a 64 by 4-bit 
FIFO (first-in first-out) 
serial memory, and is 
available in a standard 
ceramic 16-pin dual¬ 
inline package. A de¬ 
tailed description of cir¬ 
cuit operation will not 
be given here since the 
circuit, excluding the 
FIFOs, is a modernized 
version of a circuit 
which was described in 
fine detail in a previous 
article. 1 However, a 
brief d esc r i ption 
follows. 

The oscillator is a variable-speed pulse 
generator which runs continuously. It 
triggers dual flip-flop 1 whose second Q 
output gives the required square wave. 
This square wave will produce trans¬ 
mitted dots through gates NAND 1, and 
NAND 2 and NOR 1 if none of these 
gates is inhibited. When no character is 
being processed through the shift register, 
the control line will be high and this 
inhibits NAND 2 via an inverter. Also, 
with the control line high, the K input of 
flip-flop 2 is high and this flip-flop is then 
triggered back and forth by the output of 
flip-flop 1. Whenever the Q output of 
flip-flop 2 is high, the FIFOs and the shift 
registers are ready to process Morse char¬ 
acters for transmission. 

At this point it should be mentioned 


that the mos chips used in this circuit 
require a bit higher than normal high 
level. For this reason flip-flop 2 is one- 
half of a Signetics SP321A dual J-K 
flip-flop. Flip-flop 3 is the other half. 
Despite the fact that the Fairchild 3341 
has internal pull-up circuits to make them 
compatible with TTL logic, the 3.8 volts 
minimum high of the SP321A looks a lot 


better than the 2.4 volts minimum high 
for the TTL flip-flops. A 7473 TTL could 
probably be used to replace theSP321A, 
but it was not tried. 

The set input of flip-flop 2 may be 
grounded with a switch near the key¬ 
board. This blocks the output of the mill 
while the FIFOs are being filled. With the 
lockup switch blocking the mill, calls may 
be typed up while still listening to the 
transmission from the other station or 
stations in a two-way or round-table 
QSO. It is also nice to use when setting 
up for a repetitive transmission using the 
recirculating shift registers to be de¬ 
scribed later. 

When any key on the keyboard other 
than the space bar is depressed, the inputs 
to the FIFOs are actuated by the 74121 



12 3 4 5 6 7 $ 

MATRIX LINES 

fig. 2. Bottom view, or foil side, of the ICs used in the first-in 
first-out serial memory and shift register. 
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one-shot multivibrator, the character 
enters the FIFOs and almost instantly 
appears at the outputs. By the action of 
flip-flop 2 and the output of NAND 1 on 
the FIFOs' shift out controls and the shift 
registers' mode controls and clocks, the 
character enters the shift registers and 
eventually appears at the inputs of the 
hex inverter. This drops the control line 


output of the shift registers, the control 
line goes low because of the E, enabling 
NAND 2 and the left-hand gate of the 
space latch. The high on line 1, via NAND 
gate 3, sets the latch, which in turn 
inhibits NOR gate 1 and prevents trans¬ 
mission of the E. Note that NAND 3 is 
inhibited by the output of flip-flop 2 
except during the loading of the shift 



Construction of the code mill showing the matrix board mounted on the back of the keyboard 
switches. Oscillator is on small board to the right. Main circuit board, including memory, is at top. 


to a low which enables NAND 2 (via the 
inverter) and the character is transmitted. 
NOR gate 2 and flip-flop 3 serve with 
NAND 1 to bridge the gap between two 
successive dots to produce a dash when 
required. 

word space 

When the space bar is depressed the 
letter E is formed and matrix line 1 is also 
activated (raised to a high). When the E 
and the high on line 1 appear at the 


registers. This prevents line 1 from setting 
the space latch when it goes high due to 
the shifting of highs along the shift 
registers. At the completion of every 
character the control line goes high, 
resetting the space latch through an 
inverter. 

The letter E is used for the space 
character because it's one-baud length 
plus the three-baud automatic letter space 
adds to the previous three-baud letter 
space to become a seven-baud word 
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fig. 3. Regulated power supply for the code mill uses LM309K voltage-regulator ICs. 


space. The letters I, S, H or the numeral 5 
may be used if wider word spaces are 
desired. A switch is provided for this 
purpose, although it has seldom been 
used except while teaching code to 
beginners. 

Fig. 2 shows the bottom view, or foil 
side, of the ICs comprising the FIFO and 
the register. Fig. 3 shows the circuit for 
the power supply. Both the +5 volt and 
the -12 volt supplies are regulated by 
LM309K voltage regulators. The values of 
the resistors in the -12 volt supply were 
chosen to give an output of -11.5 volts. 

last-character elimination 

Fig. 4 shows a circuit which was added 
some time after the code mill was built. 
Without touching the keyboard, this cir¬ 
cuit will trigger the FIFO inputs at the 
conclusion of a character (control line 
goes high) and when the output ready 
terminal of one of the 3341s indicates 
that the FIFO is empty. Unfortunately, 
the 3341 will never completely empty 
itself. The last character will remain at 
the output of the FIFO until another 
character enters and "falls through" to 
the output. This causes continuous repeti¬ 
tion of the last character. The operator 
must either learn to punch the space bar 
as a last character or a circuit must be 
designed to prevent this repetition. By 
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triggering the input without punching a 
key, a complete blank is entered and 
passes through, and in turn takes the 
place of the offending character. 

Since the Fairchild 3341 memories 
require +5 volts and a -12 volts in 
addition to the usual ground connection, 
it was a simple matter to add the recircu¬ 
lating shift registers shown in fig. 5. The 
reason flip-flop 1 is a dual unit is now 
apparent: it permits triggering the recircu- 


CONTROL UNE 



fig. 4. Circuit for last-character elimination. 




lating shift registers with the output from 
the first (5 which is equivalent to a trigger 
for every baud in the mill output. 

The inverters at the input and output 
of the 2522 chips are used as buffers. The 
two 2522 chips will store every trans¬ 
mission from the code mill up to a limit 
of 528 bauds. When the spdt switch is 
thrown, the information stored in the 
2522s will repeat over and over, and at 
any speed. Although not a necessary part 
of the code mill, this circuit is handy for 
preliminary callups prior to broadcasts, 
directional CQs or whatever, while you 
sip your coffee. 



The code mill described in this article 
was built for just over one hundred 
dollars, and all chips were purchased at 
full list price. My keyboard itself is a 
surplus unit and similar types are avail¬ 
able at several outlets. The price was not 
too high considering the very great 
pleasure and satisfaction derived from 
building the unit and operating it on the 
air. Without mentioning the code mill, 
almost every QSO elicits favorable 
comments on the keying. The code mill is 
just great for code practice, of course, but 
probably the best feature of all is the 
ability to send absolutely perfect code at 
fairly high speeds, hour after hour if need 
be, and with no great effort. 

reference 

1. J.A. Bryant, W4UX, "Touchcoder II," QST, 
July, 1969, page 12. 
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automatic 


telephone controller 


for your repeater 


A simple, reliable 
and foolproof 
control system 
for remote control 
of your repeater 


The problem of building a practical, 
positive remote-control system has 
plagued amateurs for years. Some of the 
suggested schemes used have been very 
complex while others have been simple, 
but not foolproof. The technique applied 
in the design described here uses the 
telephone line. Positive and automatic 
control in the event of line failure are the 
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basic assets of this unique system. Don't 
be alarmed at the apparent complexity of 
the schematic, fig. 1, as all the 1C gates 
are contained in five, inexpensive SN7400 
1C packages. Total cost of the circuit for 
ICs is less than $5.00 and a well stocked 
junk box will supply the balance. Al¬ 
though the circuit can be built on peg 
board, a custom made printed-circuit 
board is available and is recommended for 
simplicity.* See fig. 3 for a suggested 
parts layout. 

construction 

A small chassis was made from sheet 
aluminum and bent in a vise to form the 
chassis shown in fig. 2. The power supply 
and relays are mounted on the chassis for 
convenience. A small equipment box 
could have been used but one was not 
available at the time I built the system. It 
is suggested when you choose your chassis 
that you keep the top and bottom open to 
aid in troubleshooting. A coat of white 
paint on the front panel and instant press- 
on lettering may be used to dress it up. 

The model illustrated is set up for a 

*Printed-circuit boards and nonlatching relays 
are available from Circuit Board Specialists, 
3011 Norwich Avenue, Pueblo, Colorado 
81008. Circuit boards are $5.50 each; nonlatch¬ 
ing relays, $2.00 each. 
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latching function—it turns our repeater 
off. If you happen to have a stepping 
relay, this is fine, but I didn't, so another 
SN7473 was mounted in a socket off to 
the side and wired in as shown in the 
alternate circuit, fig. 4. 

operation 

An operating function, such as shut¬ 
down or turn-on of a remote station, 
requires a specific number of rings on the 
telephone, hang up, wait a specific length 
of time, then another specific number of 
rings and the function will be carried out. 

In this discussion I will use 3 rings, 
hang up, wait 20 seconds, another 3 rings 
and hang up. Any combination of 
number of rings may be used so long as 
the total is less than nine. By examining 
the decoder (U2) you can see that it can 
be very easily programmed by the moving 
of only two jumper wires to the various 
outputs of U2. 

Depending upon the type of relay used 
at relay K2, a momentary, latching or 
stepping function can be obtained. Relay 
K1 is used for validating the phone line. 
The remote station keying voltage can be 
taken through the contacts of this relay. 
If the phone line is interrupted, the 
transmitter cannot be activated. 

circuit description 

The phone line must be connected 
with the polarity as shown in the schem¬ 
atic. To assure the phone line being 
operational, the negative voltage is passed 
by CR1 and R1, charging Cl, which will 
store the voltage during brief interrup¬ 
tions such as when the phone is ringing. 
The negative voltage applied to the gate 
of Q1 causes it to cease conducting. A 
high plus voltage will appear on the drain 
of Q1. This voltage is passed to the Q3 
base by R4, causing Q3 to conduct and 
close relay K1. For repeater control K1 is 
connected in the push-to-talk or trans¬ 
mitter keying line so that it must be 
closed in order for the repeater to 
operate. 

Although an explanation of the ring¬ 
counting circuit is a bit complicated, 


operation is actually very simple. In the 
ring circuit you are only interested in the 
ac signal. Capacitor C2 is used to block 
the dc and pass the ac signal to the 
rectifiers. The negative dc voltage is 
smoothed by C3 and C4 and applied to 
the gate of Q1, causing a rise in voltage 
on the drain of Q1. As soon as the ring 
signal disappears, R7 pulls the gate of Q1 
to ground, resulting in full conduction of 
Q1, causing pin 14 of U1 low. Each shift 
from high to low on pin 14 will cause U1 
to toggle once. 

Therefore, the first ring will step the 
decade counter (U1) one count. The 
decoder-driver (U2) has now moved off 
zero position to its first count. When U2 
leaves zero, pin 16 goes to +5 volts. This 
high is fed to pins 1 and 2 of gate 17 
(U8A), and pin 3 goes low, causing the 
ready light to go out. Also, pins 4 and 5 
of gate 18 are low, causing pin 6 to go 
high, turning on the start light indicating 
that a function has started. The high from 
gate 18 pin 6, is also fed to U7, pin 14, 
providing a set signal for flip-flop 1 
(U7A), as well as providing the clear 
voltage to both flip-flops at pins 2 and 6. 

To back up a little, to U2 pin 16, +5 
volts is also fed to the emitter of Q4. This 
is the timing circuit of the telephone 
controller which provides the 20-second 
timing necessary for all phases of the 
function. The time is controlled by the 
RC network R11 and C5. 

This all happens on the first ring of the 
telephone. The second ring simply 
advances the counter to count two. The 
third ring, the one that does the business, 
advances the decoder driver, U2, to count 
3 position. The resultant low on pin 9 
(count 3) of U2 is seen at pins 1 and 2 of 
gate 3. Gate 3, pin 3, will provide a high 
enabling voltage to pin 12, gate 1. Now, 
assuming that the telephone quit ringing 
on the third time, pin 12, gate 1 will 
remain high. After 20 seconds the uni¬ 
junction transistor, Q4, will have charged 
up and fired a voltage spike out B1. This 
spike is fed to pin 13, gate 1. The output 
of this gate goes low, clocking FF1 (U7A) 
at pin 1. The Q output of FF1 goes high, 
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applying a set voltage to FF2. At the 
same time the phase 1 lamp comes on 
indicating that the first requirement of a 
function has been accomplished. Pin 11, 
gate 1, is also fed to gate 16, pin 2, which 


is used to reset the whole system if the 
telephone fails to ring again within the 
next twenty seconds. 

When phase 1 has been successfully 
completed, the telephone must ring three 


j 4—o 




fig. 1. Schematic diagram of the automatic 
phone controller. All gates are SN7400 or 
equivalent. Relays K1 and K2 are sensitive dpdt 
relays with 8000-ohm coils. Resistor R11 is 
selected for the desired time setting. Resistors 
R14, R15, R16 and R17, in series with the 
LEDs, are adjusted for proper tight output. 


more times to complete the function. The 
fourth and fifth rings will simply step the 
ring counter two more counts. On the 
sixth ring the phone must be hung up, 
leaving U2, pin 11, (count 6) low. This 
low is seen on pins 4 and 5 of gate 4, 
providing a high to pin 9 of gate 2. 
Twenty seconds after the last clock pulse 
from Q4 another clock pulse is sent to 
pin 10, gate 2. Gate 2, pin 8, goes low, 
causing FF2 to toggle. Pin 9 of FF2 goes 
high, causing the phase 2 lamp to turn on. 
This action also turns on the relay driver, 
Q5, closing the function relay, K2. Tran¬ 
sistor Q5 will remain turned on until the 
third pulse is received from Q4. This time 
the clock pulse is fed to pin 2, gate 14. 
Pin 1 is now high since it is controlled by 
the 0 output of FF2. The pulse is fed 
through gate 14 and 15 to reset U1. This 
restores U2 to zero, clearing FF1, FF2 
and turning on the ready light. Thus, one 
complete function has been performed. 
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At this point you may be asking what 
the rest of the gates are for? Well, there 
must be a means of discriminating be¬ 
tween a valid function and an incoming 
phone call to your wife or teen-age 


luck or accident they call back twenty 
seconds later and let it ring any number 
of times other than three or six. Then the 
entire system will be reset through gates 
13, 14 and 15. 



fig, 2. Overall view of the completed controller. Small jacks on the front panel are used for 
connections to phone and output. (Photo by Russell McGee, WBJ5GSU.) 


daughter. A few instances of an invalid 
function would be: 

1. Ring three times and hang up. The 
phone, not ringing again for the next 20 
seconds, would allow the system to reset 
through gates 1 and 16. 

2. The phone ringing any number of 
times except 3 or 6 then hung up, the 
system will be reset through gates 5, 6, 7 
and 8. 

3. The last possibility is a remote one but 
nevertheless it must be considered. In this 
case someone lets the phone ring three 
times and hangs up. By sheer stroke of 


This concludes the operation of the 
controller. As far as I know I have 
thought of all possibilities of mis-control 
and have provided protection against it. 
If, by accident, someone does get your 
function-control code it is a very simple 
matter to change the sequence to another 
code, such as ring 7, hang up and ring 2 
more times. As you can see, there are 36 
different combinations of sequences. If 
that isn't enough you can change the 
value of R11 and C5 for a different time 
duration. Needless to say, it isn't neces¬ 
sary to describe the multitude of combin¬ 
ations you can come up with using this 
arrangement. 
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fig. 3. Component layout. The two transistors at the top are Q3 and Q4. The input and output 
connections are on the bottom; wires run to the light-emitting diodes located on the front panel. 
(Photo by Russell McGee, WB0GSU.) 


troubleshooting 

A high-impedance scope or a vacuum- 
tube voltmeter will be required in the 
event of trouble. However, the light- 
emitting diodes connected to each stage 
will generally suffice for troubleshooting. 

After construction is completed and 
voltage is applied to the circuit check for 
the following: the ready light, II, should 
be on and all others off. Pin 16, U2, 
should be low, pins 9 and 12, U7, should 
be low and pins 8 and 13, U7, should be 
high. Connect the positive terminal of a 
small 9-volt battery to ground and the 
negative side to the input. Relay K1 
should close and remain closed for about 
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fig. 4. Alternate circuit for use when a latching 
function is required. 


30 seconds after removing the 9-volt 
battery. 

Next, apply the 9-volt battery lead 
momentarily to the junction of CR3 and 
R6. Approximately 2 seconds after 
removing the battery lead 12 should light, 
indicating a function has started. Make 
and break this connection, allowing about 
2 seconds between pulses for the correct 
number that corresponds to the first 
number of rings that you have program¬ 
med for. About 15 seconds later 13 
should light, indicating that the first 
phase of the system has been satisfied. 
Now make and break the battery connec¬ 
tion in the same manner for the second 
combination of rings; in approximately 5 
seconds 14 will light, indicating that the 
sequence has been completed and the 
function has been carried out. 

In the event of difficulty check base 1 
of the unijunction transistor with a scope 
for the pulse that controls the system. If 
the pulse is being generated, then trace the 
pulse through the system to determine 
which gate or flip-flop is not responding. 

ham radio 
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There is considerable interest in the very- 
low frequencies, particularly for the q 
WWV transmissions on 20 and 60 kHz, ■»' 
and for operation on the no-license band ® 
around 1750 meters. 1 One of the big ££ 
problems in building receivers or con- « 
verters for this part of the spectrum is in § 
constructing a variable tuned circuit cj 


which will cover a substantial portion of 
the desired frequency range. Assuming 
that the desired band extends from 10 to 
150 kHz, with a ratio of the corner 
frequencies of 150:10 = 15, the tunable 
component must have a variation of 15 2 
= 225. Since this cannot be accomplished 
with conventional variable capacitors or 
inductors, the frequency range has to be 
divided into a number of sub-bands or the 
tuned circuit is eliminated altogether. The 
latter is done in most VLF converters — 
they are untuned. 

tuned circuit 

There is, however, a novel method of 
inductive tuning which will cover the 
required range. 2 This method makes use 
of a toroidal ferrite core which is magnet¬ 
ically biased by a pair of small permanent 
magnets as shown in fig. 2. By rotating 
one of the magnets with respect to the 
other, the amount of flux penetrating the 
toroid is varied, changing the ferrite's 
permeability and thus, the inductance. It 
is interesting to note that maximum flux 
penetration and minimum inductance 
occur when like poles are opposite one 
another. 
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LI ,L2 magneticaliy tuned inductor (see text) 

L3 10 turns no. 20 on »/* M (6-mm) slug- 

tuned form r tapped 5 turns from cold 
end 

L4 2 turns no. 20 around cold end of L3 


L5 15 turns no. 20 on V4 M (6-mm) slug- 

tuned form 

L6 4 turns no. 20, center tapped, around 
cold end of L5 

L7 2 turns no. 20 around cold end of L5 


The two magnets used to bias the 
toroid inductor are of the button type 
with a half-inch (13-mm) outside diam¬ 
eter. The outside diameter of the toroid is 


also ’/z-inch. The whole tuning assembly is 
built around the bushing and shaft of a 
discarded potentiometer. The particular 
toroid core I used required 100 turns of 



Closeup of the tunable vlf converter showing magnetically-biased tuning inductor. 
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stranded wire for an inductance variation 
of 100 /uH to 12 mH (a 120:1 range). 
However, ferrite cores with higher perme- 
ability would require fewer turns. 
Measured Q values for my inductor were 
around 50 for frequencies between 10 
and 150 kHz. 



fig, 2. Method for magnetically biasing a toroi¬ 
dal ferrite core with two small button magnets. 
This technique provides an extremely wide 
inductance tuning range. 


converter circuit 

The circuit for my VLF converter, 
which has an output on 15 meters for use 
with a communications receiver, is fairly 
conventional as shown in fig. 1 . The 
antenna is coupled directly to the hot end 
of the tuned circuit (or through a 
capacitor to provide a degree of matching 
to long antennas). The mixer uses a 
matched pair of germanium diodes and 
the local oscillator uses a FT-243-variety 
crystal in the third-overtone mode. To 
obtain third-overtone oscillation at 
21.000 MHz, choose a crystal with a 
fundamental frequency a few kHz above 
7 MHz. By simply changing the crystal 
frequency and the oscillator and i-f out¬ 
put coils, output can be changed to any 
desired frequency band. 


references 

1. J.V. Hagan, WA4GHK, "A Crystal-Controlled 
Converter and Simple Transmitter for 1750- 
Meter Operation/' QST, January, 1974, page 19. 

2. N.H. Brown, “Miniature Wide-Range VLF 
Tuner," Electronics World, July, 1971. 
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circuits and 
techniques 

ed noil, W3FQJ 


W3FQJ goes solar 
power 

On April 15, 1974, the solar-powered 
QRP station at W3FQJ made an initial 
radio contact with Hank Brazeal, 
WB4ZXJ, in Birmingham, Alabama on 15 
meters. The transceiver was the five-watt 
PEP Ten-Tec Argonaut. The same evening 
W3FQJ checked into the RF Hill Ama¬ 
teur Radio Club's 10-meter net. 

The essential units of the solar- 
powered station are the Argonaut trans¬ 
ceiver, charging panel and 5.5-ampere- 
hour motorcycle battery (fig. 1) and a 
roof-mounted light-energy converter, (fig. 
2). The 5x2y a x5V a -inch (12.7x6.6x14-cm) 
battery is positioned behind the charging 
panel for normal operation. Such batter¬ 
ies can be purchased at local motorcycle 
shops or by mail from one of the auto 
accessory houses or from Sears. The Sears 
batteries are shipped with a dry electro¬ 
lyte which must be added to the battery 
along with water according to the instruc¬ 
tions. In most shops the electrolyte is 
added when the battery is purchased. 

The Spectrolab light-energy converter 
has a rating of 12-volts at 0.3 amperes. 
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When the solar panel is so operating it is 
supplying 3.6 watts. This is an average 
figure. At dawn and dusk and during 
dark, overcast days the power level is 
significantly lower. When the rays of the 
sun are striking the panel directly, the 
delivered power is slightly more. Neverthe¬ 
less, it will make available more than 
enough electrical energy for a very busy 
five-watt QRP station. 

The solar panel can be operated as a 
continuous float-voltage charger or it can 
be operated whenever you wish to re¬ 
charge the battery. As I am writing this 
column in the early morning hours of a 
high-overcast day the float-voltage con¬ 
nection is supplying 50 milliamperes. 



fig. 1. Solar power converter used by W3FQJ is 
mounted on the roof. Details of the mount are 
discussed in the text. 







Yesterday in bright sunlight a series resis¬ 
tor was inserted to keep the trickle charge 
current below the 100 mA level. As set 
up now the station plan is very conserva¬ 
tive and would provide continuous opera¬ 
tion for normal back-and-forth amateur 
chatter. Over a period of time I will learn 
the limits of the system, pressing high- 
powered transmitters into operation. 


Such is not conducive to the furthering of 
corporate empires. 

charging panel 

Several components are needed for the 
charging panel. Refer to the schematic 
diagram and parts list shown in fig. 3. 
About 50-feet (15-meters) of two- 
conductor cable (number-12 or -14 con- 



fig. 2. Basic solar-powered QRP station used by W3FQJ uses Ten-Tec Argonaut transceiver, solar 
power converter (fi 9 . 1), solar control panel (fig. 4) and 12-volt motorcycle battery. 


Reports will appear in this column from 
time to time. 

solar power cost 

Today solar electric power is expen¬ 
sive. The small 3x39-inch (7.6x99.1-cm) 
unit I am using lists for more than 150 
dollars. Much about it is handcrafted and 
as yet systems have not been adapted to 
mass production. Unfortunately, it must 
be the American citizen that is obliged to 
set up a widespread clamor for solar 
power. One cannot anticipate that the oil 
institute, the electric power industry or 
the atomic energy bureaucracy will do 
too much to further the cause of this 
non-polluting method of power genera¬ 
tion. Such power would offer a degree of 
independence for many homes, small 
businesses and small industrial plants. 


ductors) connects the solar polar con¬ 
verter to the charging panel. The panel 
itself supports a dc milliammeter, a 1- 
ampere diode, CR1, and a number of 
binding posts that permit ease in monitor¬ 
ing and experimentation. 

The two binding posts at the top right 
of the front panel, fig. 4, can be used for 
monitoring the voltage delivered by the 
solar panel. The meter to the left reads 
the actual current being delivered by the 
solar cells. The two binding posts under¬ 
neath the meter permit the insertion of a 
jumper if you want to take the meter out 
of the circuit for those experiments 
where you want to draw maximum cur¬ 
rent under the condition of bright sun¬ 
light directly striking the cell surface. 

The battery terminals are at the lower 
right. In a continuous service application 
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fig. 3. Schematic diagram jumper or 

RESISTOR 



the 12-volt device being powered is con¬ 
nected across these two terminals. When 
the battery is to be charged, a jumper is 
connected between the two terminals 
labeled charge. If you wish to limit the 
charge to a specified current level under 
bright conditions, a resistor can be 
connected between these two terminals. 
Often, under very bright conditions, I 
shunt a 100-ohm, 5-watt resistor between 
the terminals. 


The two load terminals at the bottom 
center of the panel permit you to supply 
energy directly from the solar panel to a 
12-volt device. In this application the 
battery is disconnected completely by 
making certain there is no jumper or 
resistor connected across the two charge 
terminals. 

Diode CR1 is an important part of the 
charging system. The actual charging cur¬ 
rent declines as the battery reaches full 
charge. This is to be anticipated because 
the charging battery attains a voltage ever 
closer to the voltage of the charging 
source. However, it is possible, especially 
when the battery climbs to full charge 
voltage, that the impinging light will not 
be great enough to maintain the charging 
source voltage above the level of the 
battery voltage. Without the diode in the 
circuit, the battery would then discharge 
into the solar source. This is avoided 
because under the condition of high 
battery voltage and low charging source 
voltage the diode is reverse biased (cath- 



fig. 4. Solar control panel and 12-volt battery used by W3FQJ. Control panel is mounted on 
8x1 1-inch (20.3x27.9-cm) piece of Masonite peg-board. Circuit is shown in fig. 3. 
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fig. 5. Closeup, showing tilt angle adjusting 
mechanism for the solar energy panel. 


ode connected to positive side of battery 
and anode connected to the positive side 
of the charging voltage). 

roof mount 

The basic physical support for the 
solar panel is the vent pipe on the roof of 
my house, fig. 1. At one time the two 
standoff brackets supported an antenna 
mast. A shortened 5-foot mast section 
and a homemade bracket arrangement 
supports the solar panel. It was arranged 
to permit ease in experimenting with the 
tilt of the panel. A U-bolt permits the top 
of the panel to be moved up and down 
the mast. At the bottom of the panel a 
flat piece of aluminum with a series of 
holes permits easy accommodation of 
various tilt angles. 

The recommended tilt for the panel 
corresponds to the latitude of your 
station (degrees north [or south] from 
the equator). My station is reasonably 
near the 40° north latitude line. This 
figure refers to the angle of tilt away 
from the horizontal as shown in fig. 6. 
The nearer you approach the equator, the 


nearer the optimum mounting angle ap¬ 
proaches a horizontal position. 

In setting up the mounting arrange¬ 
ment the solar panel becomes the hy¬ 
potenuse of a right triangle, fig. 7. Sine and 
cosine functions can then be used to deter¬ 
mine the vertical and horizontal sides. 
The overall panel length is 39 inches 
(99.1 cm); this becomes the length of the 
hypotenuse. Therefore, the horizontal 
and vertical side dimensions become; 


b = h sin a 

b = 39 inches (99.1 cm) 
x sin 50° 

b = 30 inches (762 cm) 


a = h cos A 

a = 39 inches (99.1 cm) 
x cos 50° 

a = 25 inches (63.5 cm) 


The vertical side is an appropriate section 
of the 1%-inch (32-mm) mast section. 
The horizontal support is two 1%-inch 
(32-mm) aluminum strips bolted together 
but separated where they wrap around 
the mast section and where they connect 
to the short length of aluminum strip that 
permits the adjustment of tilt angle. 

battery data 

A 5.5-ampere-hour capacity battery 
provides a conservative and well-regulated 
source for the 5-watt Argonaut trans¬ 
ceiver. Transceiver specifications suggest a 
12 -volt, 1-ampere source although peak 
current demand by the transceiver is less 
than this value. At any rate, such a 
battery would supply the unit for contin¬ 
uous overnight operation. In fact, the 
battery could supply almost a continuous 
demand of 1 ampere for 4 to 5 hours. 

Based on a 20-hour, 5.5-ampere-hour 
rating, the continuous current demand 
for this period of time would be: 

I = 20*’= 275 m ' ll ' am P eres 

A charging current of the same value 
would recharge the battery in the same 
amount of time plus additional time, 
depending upon the charging efficiency 
of the battery. 

In normal amateur applications deep 
discharge of the battery and continuous 
high-current charging are not necessary. 
Once the battery is fully charged a float 
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charge arrangement is quite adequate. If 
you assume a charge rate of 1/4 to 1/6 of 
the rated current value, you are consider¬ 
ing a minimum charge current in the 45- 
to 70-mA range. In the set-up described 
this level of current and higher is readily 
available for hazy-bright days. A gener¬ 
ous, up to 300-mA, current is available 
during bright sunny days. Even on a high 
overcast day the solar panel supplies 
current at the low end of the range. 
Charging current is limited for dark days 
but the battery capacity is adequate, even 
for the very active QRP operator. 

solar power QSO record 

Correspondence from Edgar Janes, 
G2FWA, disclosed two solar-powered CW 
contacts made on October 27, 1954. 
Initial contact was made between 
G3HMO (solar-powered station) Bucking¬ 
ham, England and G5RZ, Leighton Buz¬ 
zard, England. Here is an account from 
the December, 1954, issue of Short Wave 
Magazine : 



"Fortunately, the sun was shining 
fairly strongly, and the photo-electric cell 
battery was giving ample output — about 
2 mA at 4 volts — to energize the 
transmitter. .. Two-way CW contacts 
(were made) with G5RZ (Leighton Buz¬ 
zard, 15 miles) at 1505 gmt and with 
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G3IYX (Bradwell, Bucks, 7% miles) at 
1515 gmt. The daylight powered trans¬ 
mitter signals on 1820 kHz were reported 
as RST 559 in Leighton Buzzard and RST 
569 in Bradwell. 

These contacts, though pre-arranged, 
were initiated on the transistor trans¬ 



mitter running on the photo-cell battery 
alone and were carried through under 
normal band conditions, with quite 
troublesome interference on the fre¬ 
quency." 

Thank you, Edgar, and Austin For¬ 
syth, G6FO, Managing Editor of Short 
lA'ave Magazine. 

My contact with WB4ZXJ on April 15, 
1974, is degraded to the first solar- 
powered ssb contact, not arranged. 
Maybe? The paramount question, how¬ 
ever, is why we have waited so long 
(except for satellite communications) to 
take advantage of this limitless source of 
energy. 

new applications 

More small companies are now produc¬ 
ing small solar energy converters. Zurn 
Industries* sells two models with peak 
ratings of 1.5 and 6 watts. These two 
12 -volt models are covered with a trans¬ 
parent waterproof and detergent-proof 
coating. A major application of the Zurn 
models is for marine batteries. Under the 
condition of a week of normal daylight, 
sufficient charging power is available that 

*Zurn Industries Incorporated, 5533 Perry 
Highway, Erie, Pennsylvania 16509. 



a bilge pump can pump 600 gallons of 
water with the small energizer and 3000 
gallons with the larger model. Such a 
device is particularly useful for maintain¬ 
ing battery charge during long idle 
periods, as during winter storage of a 
small boat. 

Another active organization. Solar 
Energy Company,* sells solar power con¬ 
verters as well as wind-powered electrical 
sources. Their devices find application in 
vhf/uhf repeaters, microwave relays, wire 
and wireless telephone systems, TV trans¬ 
lators, monitors, offshore platforms, data 
buoys, railroad signals and controls, plus 
traffic and security systems. They also 
make a unit that maintains the charge on 
batteries used to power farm electric 
fences. 

Why haven't such devices been used to 
supply a portion of the power needed in 
the average household? Needed is a solar 
heater for the home with its electrical 
blowers, fans and circulators powered by 
a solar energy converter. At least there 
should be a home furnace capable of 
using a variety of fuels with its electrical 
accessories powered completely by 
battery and solar power converters. 

experimental approaches 

There are several avenues of experi¬ 
mentation. What are the operating limits 
using direct drive to 12-volt devices and 
no battery? Some voltage-regulator device 
would be required. How bright would it 
have to be to provide operation of a 
12-volt zener diode? How much longer a 
period of operation would be feasible 
using the solar source for 9-volt regulated 
operation? What are the limits of a 
particular solar panel in terms of higher 
power demand and keeping a higher 
capacity battery fully charged relative to 
your normal operating schedule? 

Connecting solar panels in parallel 
increases current capability. How many 
panels would be required to provide 
adequate charging current for a high 

tSolar Energy Company, 810 18th Street, NW, 
Washington, D.C. 20006. 


capacity battery system? How many 
panels and what battery capacity would 
provide enough power to match normal 
operating time for your 200-watt side¬ 
band transceiver? What advantages are to 
be obtained from series-parallel groupings 
of solar panels? 



fig. 8. 12-volt, SOO-mA solar panel (courtesy 
Solar Energy Company). 


What additional capacity can be gained 
by using a mechanical mount that would 
permit you to chase the sun across the 
sky? Would an equatorial mount and 
clock-drive be practical? How would you 
hold the weight of the assembly down? 
What percentage of the derived power 
would be needed to power the drive 
system? Perhaps drive power could be 
conserved by changing positions only 
once each hour, or half-hour. I will be 
discussing these and similar subjects in 
the months ahead. 

ham radio 
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comments 


coherent fsk RTTY 

Dear HR: 

I would first like to commend Steve 
Maas, K3WJQ, for his article bringing 
modern communication theory into the 
area of amateur RTTY in the June, 1974, 
issue of ham radio. However, I feel that a 
few areas need comment. First, the 
numbers in table 1 (page 32) for coherent 
FSK probability of error are slightly in 
error. The published data is based on a 
shift between the mark and space fre¬ 
quencies of f s «s 0.7/T, where T is a baud 
time. 1 For 60 wpm RTTY, T = 0.022 
second, resulting in an f s of only 32 Hz. 
It can be shown that this shift results in 
the lowest probability of error for 
coherent demodulation of FSK. However, 
for many practical reasor.s, this is too 
narrow a shift, so for standard 170- or 
850-Hz shifts, that column should be 
amended to 


input snr 
OdB 
2 dB 
3dB 
6 dB 
9 dB 


probability of error 
coherent FSK 
0.16 
0.10 
0.08 
0.02 
0.002 


The probability of error, as well as the 
Rayleigh and Rician probability density 
functions, are derived assuming no fading, 
with white noise having a Gaussian den¬ 
sity function at the inputs of the mark 
and space filters. This is sometimes a 
good assumption, but primarily at vhf 


and above. Since most RTTY activity is 
in the high-frequency spectrum, this 
white Gaussian noise assumption needs 
examination. 

The National Bureau of Standards has 
attempted to model atmospheric noise. 2 
They have found that the performance of 
an FSK demodulator can be several 
orders of magnitude worse than calcula¬ 
ted by the white Gaussian noise assump¬ 
tions, and this study didn't include QRM, 
which seems to be the most prevalent 
type of "noise" in our crowded bands. 

The high-frequency spectrum is time 
varying with frequency-selective fading 
(QSB). This fading results in a tremen¬ 
dous degradation in the probability of 
error performance. Fading is thought to 
be due to constructive and destructive 
combining of various received signals that 
have been reflected from different layers 
of the ionosphere, resulting in a received 
signal with varying amplitude and with a 
random phase angle. So, while the trans¬ 
mitted phase may be constant, because of 
the varying time delays through the prop¬ 
agation path, the received signal can have 
any phase. It appears that demodulation 
schemes which require phase information, 
such as coherent FSK, are degraded more 
than noncoherent schemes. 3 

By requiring that a PLL (fig. 4 in 
K3WJQ's article) remain close to the 
previously transmitted phase while the 

1. Schilling and Taub, Principles of Communi¬ 
cations Systems , McGraw-Hill, New York, 
1970. 

2. Alyce M. Conda, 'The Effect of Atmos¬ 
pheric Noise on the Probability of Error for an 
NCFSK System," IEEE Trans, on Communica¬ 
tions Techniques, September, 1965, page 280. 

3. G.L. Turin, "Error Probabilities for Binary 
Symmetric Ideal Reception Through Non- 
selective Slow Fading and Noise," Proceedings 
of IRE, September, 1958, page 1603. 
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other channel is being transmitted would 
result in a very long time constant in the 
lowpass filter. This would also have the 
effect of increasing the time it takes for 
the PLL to lock up. PLLs in amateur 
demodulators have usually had the addi¬ 
tional problem of locking on to a strong 
nearby interfering signal. Finally, there is 
evidence that the use of two oscillators at 
the transmitter end, which results in 
discontinuities in the phase of the trans¬ 
mitted signal, will have poorer perform¬ 
ance than shifting the frequency of a 
single oscillator. 4 

Most mathematical analysis of systems 
like the one described in K3WJQ's article 
ignore the effect of one bit on the next. 
This problem is called intersymbol inter¬ 
ference, and is found in any receiver 
having narrow bandpass filters. The 
degrading effects of intersymbol interfer¬ 
ence are extremely difficult to analyze, 
but they are of concern, as evidenced by 
the multitude of articles on attenuation 
and delay equalizers in the technical 
journals. 5 

The major causes of errors in an 
amateur's RTTY system thus seem to be 
those caused by fading, high atmospheric 
noise levels, interfering stations and inter¬ 
symbol interference introduced by the 
propagation medium and receiver. Table 
1 , while slightly in error in practice, does 
point up the fact that a small increase in 
antenna gain can tremendously improve 
the performance. Also, for those fortu¬ 
nate hams with forty acres and unlimited 
resources, space diversity antenna systems 
reduce the effects of fading. Other known 
techniques for removing the effects of 
interference or fading, such as frequency 
diversity, error correcting codes and spec¬ 
trum spreading methods, aren't looked 
upon favorably by the FCC. 

4. P.A. Belle and B.D. Nelin, "The Effect of 
Frequency-Selective Fading on the Binary Error 
Probability of Incoherent and Differentially 
Coherent Matched Filter Receivers," IEEE 
Trans, on Communications Systems, June, 
1963, page 170. 

5. A. Gersho, "Adaptive Equalization of Highly 
Dispersive Channels for Data Transmission," 
Bell System Technical Journal, January, 1969, 
page 55. 


I hope that the above comments will 
stimulate thinking on the design of FSK 
demodulators. The articles, such as the 
ones referenced, should provide indica¬ 
tions as to the directions a design should 
take. I hope that I have shown that while 
I am enthusiastically for more theoretical 
articles in the amateur magazines, they 
should be tempered with the idea that 
mathematical analysis of various systems 
can be, at best, extremely difficult. The 
only way that a majority of amateurs, 
including myself, will be convinced of a 
new method's effectiveness is by seeing a 
working model perform as well or better 
than existing models. 

John Fehlauer, WA2WTL 
Gibbstown, New Jersey 


bequests amateur gear 

Dear HR: 

Your March editorial was interesting 
and to the point regarding the disposition 
of a deceased ham's equipment. Spec¬ 
ifically, it takes into account the fact that 
there is a big difference between good 
junk and junk. Too many of today's hams 
consider homebuilt equipment to be in 
the latter category, but I think I have the 
solution. 

My will specifies that all of my equip¬ 
ment which can be categorized as 
amateur radio equipment and support 
parts shall be made available to the 
County Board of Education, with specific 
instructions that such items be sent to the 
local high school (which happens to have 
an amateur station). Further, I have 
specified that any taxes, fees and/or 
delivery costs be paid from my estate 
because I wanted to prevent any failure 
of delivery because of some cost or 
expense that the Board of Education 
might elect not to pay. 

There are no strings attached, the high 
school will receive some valuable equip¬ 
ment and—hopefully—some youngster 
will learn something from the bequest. 

Dean Young, W3FZ 
Adelphi, Maryland 
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identification timer 

Lengthy QSOs and time-consuming 
phone patches can lead to problems with 
the FCC if you do not identify your 
station every ten minutes. After becom¬ 
ing an Official Observer I became aware 
of times between ID—especially those of 
ragchewing stations and stations running 
phone patches. Operators in these two 
categories tend to let time ramble by 
without the proper 10-minute identifica¬ 
tion. To alleviate this problem at my 
station I set out to build a timer that 
would accurately reproduce a 10-minute 
time out, have a minimum number of 
parts, and could be assembled in one 
evening. The circuit is shown in fig. 1. 

This timer was designed around the 
Signetics NE555 integrated circuit. Any 
9- to 12-volt dc supply can be used to run 
the timer. Once the power supply is 
turned on, the red lamp (ident) will light. 
The run-test switch is placed in the test 
position and the reset button should be 



depressed and released. A ground at pin 2 
will cause the green lamp to light and the 
red lamp to extinguish—indicating that 
the unit is timing. With the values shown 
the test position will allow a time cycle of 
2 to 3 seconds after which the lamps will 
change from green to red (ident). Now 



fig. 1. Simple ten-minute ID timer uses low-cost 
NE555 timer 1C. Timing period, adjustable 
from 7 to 11 minutes, is set by R1. 


place switch SI in the run position. Again 
depress and release the reset button. The 
unit will time out between 7 and 11 
minutes, depending on the setting of R1. 
I have R1 (500k pot) on my unit set to 
time out at 9 minutes. This allows a 
one-minute time frame in which to 
identify. 

Even with ±10% variation from 
nominal supply voltage of 12-volt dc the 
timer retains a 9 minute, ±1 second, 
accuracy. If during a timing cycle you 
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wish to identify your station and return 
to zero time it is only necessary to depress 
and release the reset switch. It is recom¬ 
mended that the indicator lamps draw no 
more than 100 mA each so as not to 
strain the current-sinking ability of the 
NE555 (200 mA max). 

The total cost to build this timer is 
under five dollars. Circuit layout is not 
critical and component minimization 
makes the unit very reliable. With a timer 
like this one next to your phone patch 
you don't have to worry about being 
cited for lack of a correct 10-minute ID. 

Don Backys, K9UQN 

spurious signals 

The October, 1973, issue of ham radio 
(page 67) carried details of Yaesu 
FTdx560/570 vfo frequency ranges, and 
the incorporation of the 6.358.6-kHz 
suck-out crystal in recent production. 
This was summarized in the December, 
1972, issue (page 69), based on JAlMP's 
letter earlier in the year. This modifica¬ 
tion eliminated a 28-MHz spurious, but 
does not appear to affect the clean 
lower-sideband phone signals appearing in 
the 14-MHz DX band in a manner similar 
to those reported from the Yaesu 
FTdx400. 

W6PKK added the crystal to his 
FTdx560, then retrimmed traps LI8 and 
L19 (but not L23). His 14270-kHz 
upper-sideband transmissions caused 
lower-sideband spurious on 14080 kHz. 
Trimming eliminated the spurious com¬ 
pletely at my location. In the case of a 
W7 who installed the suck-out crystal ($5 
plus COD postage), the 14197 lower- 
sideband spurious caused by the 14212 
kHz upper-sideband transmission was not 
reduced; it presumably requires adjust¬ 
ment of the two traps as accomplished by 
W6PKK. 

It appears that all Yaesu amateur 
equipment may have one or more traps 
which must be properly adjusted and the 
performance confirmed by listening tests. 

A number of CW signals heard in the 
phone band may have been spurious from 


the CW band on 14 MHz, but were not all 
investigated when heard. One was on 
about 14345 kHz. Several RTTY signals 
around 14085/14090 kHz have also been 
heard in the vicinity of 14220 kHz, these 
being from HW100, SB101, SB400 and 
SB401 equipment, according to informa¬ 
tion received. Some of these sets appear 
to depend upon a "bandpass coupler" out 
of the first mixer to suppress any 
undesired second harmonics of the input 
frequencies, or of the resulting output 
frequency. If the bandpass coupler is not 
sufficient, suitable traps might be applied 
to the first mixer output or the second 
mixer input (if two mixers are incorpo¬ 
rated) to suppress the undesired products. 

Information should be accumulated on 
the spurious performance of all types of 
amateur equipment, and the necessary 
cure for any spurious emissions or 
responses, to eliminate unnecessary re¬ 
ceiver interference. 

Bill Conklin, K6KA 

full-quieting meter 
for Clegg 27B 

Many amateurs who use the Clegg 27B 
as a base rig have wanted a visual indica¬ 
tion of incoming signal strength for peak¬ 
ing up mobile signals and for keying up 
repeaters. This can be simply accom¬ 
plished as follows: Connect one end of a 
piece of miniature RG-74/U coaxial 
cable, center conductor to the orange 
wire on the squelch control and braid to 
the yellow wire of the squelch control. 
Run the RG-174/U coax back to the hole 
near the antenna connector and connect 
it to a miniature 1/8-inch female connec¬ 
tor. For the meter, which is connected to 
the coax with a matching 1/8-inch male 
connector, I used a 0-500 microampere 
meter. A 0.01 -f/F capacitor across the 
meter will smooth out any needle move¬ 
ment. Make sure the cable braid is not 
grounded at any point as this will by¬ 
pass the squelch circuit and make it 
inoperative. 

Tom Clerk, WA2YUD 
november 1974 Q 61 
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Earlier this fall, an engineer from General * 
Electric made news, if not the headlines, 
with a five-watt handie-talkie and an 
antenna fashioned from an old golf um¬ 
brella. His stunt? He had sent a Morse 
message through a communications satel¬ 
lite by depressing the mike switch on his 
handie-talkie, dramatically demonstrating 
the potential of space satellites for earth- 
bound search-and-rescue missions. I don't 
want to belittle his accomplishment, but 
many amateurs whose two-meter equip¬ 
ment was limited to small, hand-held fm 
transceivers used almost exactly the same 
technique to work through Oscar 6 dur¬ 
ing its early orbits. 

Nevertheless, the long-distance trans¬ 
mission showed that simple radio gear 
and a collapsible antenna — plus a space 
satellite orbiting somewhere overhead — 
would enable persons in distress to sum¬ 
mon help from any point on earth. In the 
demonstration, conducted for officials of 
NASA, Roy Anderson sent the Morse 
message from NASA Headquarters in 
Washington to the ATS-3 satellite in 
geostationary orbit over the mouth of the 
Amazon River, which in turn relayed the 
signals to GE's Radio-Optical Observatory 
near Schenectady, New York, which is 
equipped with a 30-foot dish. 

After receiving the message. Observa¬ 
tory personnel transmitted voice signals 
back through the satellite to Anderson, 
showing that downed pilots, survivors of 
shipwrecks and others in need of help 
could readily receive a voice reply from a 
search-and-rescue station, acknowledging 
theSOSand providing rescue information. 

Anderson, who holds the basic patent 
on locating vehicles by ranging 


measurements from satellites, has pro¬ 
posed a global search-and-rescue system 
which would require only six geostation¬ 
ary satellites to provide worldwide 
coverage (except for the polar regions). 
The satellites would be monitored by 
three ground stations that could use 
ranging measurements to locate persons 
in trouble, and then dispatch assistance. 
The six satellites could routinely be used 
for other important activities since the 
search-and-rescue function would require 
less than 0.1% of the satellite's trans¬ 
mission power. By equipping future geo¬ 
stationary satellites with a modified 
antenna, reliable voice signals could even 
be transmitted from a person in distress 
to the monitoring station. 

On the surface this sounds like a 
worthwhile proposal, one that could save 
hundreds, perhaps thousands, of lives. 
However, who decides what emergency 
situations should be relayed through the 
system? Or those that should not? 
Downed airplanes, foundering ships and 
other major disasters obviously qualify. 
How about a man and his family whose 
Jeep breaks down in the desert? Or a 
hunter lost in the mountains? The system 
couldn't possibly handle all the emergen¬ 
cies that occur on the earth at any one 
time, but human nature being what it is, 
if everyone is allowed access to the 
system, it would shortly be hopelessly 
clogged. On the other hand, not allowing 
everyone access to the search-and-rescue 
system defeats its whole purpose. Who is 
to make that possibly life or death 
decision? 

Jim Fisk, W1DTY 

editor-in-chief 
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OSCAR 7 LAUNCH AGAIN DELAYED , due to continuing problems with Thor-Delta 
launch vehicle, but should be in orbit by the time you receive this issue. The 
new satellite won’t be available for use for several days after it is finally 
launched, as it has to stabilize and undergo complex telemetry checkout — after 
that, however, its round-the-clock operation will greatly increase satellite 
communicators 1 QSO time. 

AMSAT Has Some Fine Slides of Oscar 7, other material for a first-class club 
program, available on request. Write to AMSAT, Box 27, Washington, D.C. 20044. 

HR Report will become the "official information source" for AMSAT news in an 
arrangement currently being worked out. Details will be announced shortly by AMSAT. 

FCC COMMISSIONER LEE APPLAUDS AMATEUR SERVICE in "A Tribute and a Challenge," 
his banquet speech before the Quarter Century Wireless Association annual con¬ 
vention in Orlando, Florida. Lee’s speech was both a review and a look forward. 

He had obviously done his homework, particularly with some of the people who are 
preparing for the 1979 World Administrative Conference of the ITU, He endorsed 
the proposals to eliminate sharing of the amateur bands with other services and 
to establish new bands at 10.1, 18.1 and 24 MHz, recognizing that a great deal 
of effort would be required before adequate support can be mustered for such 
far-reaching ideas to have any chance of success. 

REPEATER AUTOMATIC TRANSMISSION of "public service" information is the subject 
of a recent FCC policy letter. The problem is that unrequested regular weather 
or time announcements can be interpreted as "broadcasting" and are thus illegal; 
any repeater with automatic time ID, weather or similar automatically transmitted 
information must discontinue it as soon as possible. 

Repeaters May Still Provide this type information, but only on request . It’s 
OK to dial up a phone company’s time or weather with an autopatch, or program a 
repeater to transmit time and ID for logging purposes while it’s being used . 

FCC "ORIGINAL AND 14 COPIES" REQUIREMENT attacked in Petition for Rule Making 
submitted by WB5BBH and WA5VTA on behalf of the Handicappers Information Net. 

Though there are good logistical reasons for continuance of this FCC requirement, 
there is no doubt that it stifles amateur participation in the rule-making process. 

Ham Radio Magazine will help anyone without access to a copy machine meet the 
14 copy requirement. Simply send your original response to Ham Radio, Greenville, 

NH 03048 and we’ll make and collate 14 copies and send them First Class mail to 
the FCC, all for a less-than-cost $1.00 per original page. 

FCC LICENSE BACKLOG is on the increase again, after having been under control 
just a few months ago. Turn-around time for a "typical" amateur application is 
running about 25 days with any special considerations likely to extend those 
times considerably. FCC is working very hard to reverse the situation, has even 
started contracting for outside data-handling assistance. 

RSGB PLANNING HISTORICAL UPDATE , and editor Ron Ham is looking for useful in¬ 
puts particularly concerning the last ten years. RSGB’s first half century 
(1913-1963) was covered in "World At Their Fingertips," and now the RSGB plans 
a sequel. Anyone with info to contribute should write to Ron Ham, Faraday, 
Greyfriers, Storrington, Sussex, England as soon as possible. 

SEVERE RECESSION HITS JAPANESE ELECTRONICS INDUSTRY , with a number of firms 
reported to be threatened with failure. Parts industry is operating at an esti¬ 
mated 60% of capacity, with lay-offs and early retirements widespread. No firms 
directly involved with the amateur field have as yet been reported in difficulty, 
and it may well be the U.S. and European amateur markets that are keeping those 
firms healthy. 




frequency synthesizer 


for 220 MHz 

Construction details 
for a simple 
frequency synthesizer 
for the 220-MHz 
amateur band 


The business of generating a crystal- 
controlled 220-MHz signal is usually ac¬ 
complished by using a high-frequency 
crystal oscillator followed by frequency 
multipliers. For example, you can use any 
of the systems described in fig. 2. The 
multiplier chain using an 8-MHz crystal 
(fig. 2A) has a familiar look because it is 
much like many two-meter systems that 
use surplus FT243 crystals. In fact, 
crystals between 8.148 and 8.222 MHz 
may be used for both 2 meters and 220 
MHz (8150-, 8175- and 8200-kHz crystals 
in the standard FT243 series). 
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At about 20 MHz, fundamental-mode 
crystals are replaced (in availability) by 
higher-mode types. This means that the 
systems in figs. 2A through 2D will 
probably use fundamental-mode crystals, 
in parallel-resonance, to control their 
oscillators. The systems in figs* 2E through 
2G use higher-mode crystals (3rd or 
5th overtone) in series-resonance. As it 
happens, there are some surplus crystal 
types (CR-8/U and CR-24/U) that en¬ 
compass this latter 18.333- to 27.5-MHz 
region. 

By purchasing more expensive higher¬ 
mode crystals which operate in the vhf 
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fig. 1. Frequency multipliers that use higher* 
mode crystals require less multiplier stages and 
provide greater separation between undesired 
harmonics. 
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fig, 2. Several frequency-multiplying schemes 
using low-frequency crystals which are suitable 
for operation on 220 MHz. 


spectrum, the number of multipliers can 
be reduced. Several systems of this type 
are shown in fig. 1. The use of vhf 
crystals has one important advantage: the 
Q of the tuned circuits in the frequency 
multipliers becomes less important be¬ 
cause of the wider percentage difference 
between undesired, adjacent harmonics. 
That is, when you multiply 8.148 MHz 
by 27 to get to 220 MHz, there is also a 
probability of producing times-26 (211.8 
MHz) and times-28 (228.1 MHz). If sig¬ 
nificant 211.8-MHz energy is present, you 
will no doubt be hearing from your 
neighbors trying to see the football game 
on Channel 12. On the other hand, 
multiplying to 220 MHz from 110 MHz 
involves only one step: times 2. While it's 
possible to have both 110-MHz and 
330-MHz energy present in the output 
(times 1 and times 3), these other com¬ 
ponents differ by such large frequency 
percentages the output tank circuit 
usually discriminates against them. 


There is also a difficulty which arises 
when using vhf crystal oscillators and few 
multiplier stages. This difficulty is in the 
crystal oscillator itself, and is in addition 
to the fact that the crystals themselves 
are not usually available at low cost. The 
vhf crystals used in the systems shown in 
fig. 1 are usually 5th-, 7th- or 9th- over¬ 
tone types. To insure that the crystal 
oscillates on the desired mode, the oscilla¬ 
tor circuit must have some built-in mode 
suppression to prevent oscillation at 
lower modes. The oscillator has a ten¬ 
dency to oscillate in lower modes simply 
because the Q of the crystal is generally 
higher in these lower modes (i.e., the 
series resistance at series resonance is 
lower). 

For third- and fifth-overtone crystals a 
simple parallel circuit, resonant at the 
desired frequency of operation, formed 
by the crystal holder capacitance and an 
added inductor is often adequate. Such a 
circuit is shown in fig. 3. For 7th- and 
9th-overtone oscillators it is sometimes 
necessary to add series-resonant traps at 
the frequencies of the undesired (ower- 
frequency modes as shown in fig. 4. In 
short, 7th- and 9th-overtone crystals tend 
to have more complex oscillator circuits, 
requiring more critical tuning. 


+ I5V 



fig. 3. Crystal oscillator for third- and fifth- 
overtone crystals. Mode suppression is provided 
by the 10-jUH inductor which, with the 4.5-pF 
holder capacitance of the crystal, is series 
resonant at 24 MHz. 
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A relatively new method of frequency 
multiplication that has become practical 
with modern frequency synthesis techni¬ 
ques is shown in fig. 5. With the newer 
ECL (emitter-coupled logic) ICs capable 
of frequency division up to 1 GHz, the 
220-MHz band falls easily within the 
synthesis method of frequency multipli¬ 
cation. The particular system shown in 
fig. 5 uses a divide-by-ten from a 
220-MHz vco and a 22-MHz crystal oscil¬ 
lator, but the choice of multiplication 
ratio is almost arbitrary with this method. 
The primary requirement for being able 
to multiply by N is that you find a way 
to digitally divide by N. Since, at least at 
lower frequencies, N can be any integer, 
frequency multiplication by even large 
prime numbers is possible. 

For an actual circuit look at the 
times-10 multiplier shown in fig. 6. Here, 
a Fairchild 95H90 (U3) is used to divide 

* 15V 



C3- series resonant at approximately 5/7(110 
L3 MHz), 1 jUH and 0.6-10 pF 

C4- series resonant at approximately 3/7(110 
L4 MHz), 2.2 fXH and 0.6-10 pF 
L2 0.5 jJH (parallel resonant at 110 MHz 
with 4.5-pF holder capacitance) 

fig. 4. In crystal oscillators designed for 7th- 
and 9th-overtone crystals it is often necessary 
to include series-resonant traps at the frequen¬ 
cies of the lower, undesired modes. In this 
circuit L3-C3 are resonant at 5/7 the output 
frequency and L4-C4 are resonant at 3/7 the 
output frequency. Inductor L2 in parallel with 
the crystal holder capacitance is resonant at the 
desired output frequency. 


the vco output frequency by 10. The 
22-MHz output of the 95H90 is com¬ 
pared in phase with the output of the 
22-MHz crystal-controlled oscillator. The 
phase comparator (U1) in fig. 6 is a 


PHASE 

DETECTOR 



fig. 5. Basic phase-locked frequency synthesizer 
for 220 MHz. In this circuit a doubly-balanced 
mixer is used as a phase detector. 


standard doubly-balanced mixer, manu¬ 
factured by a number of firms. The 
doubly-balanced mixer can even be home 
made, 1 but there are several commercial 
units available for less than $10. Fig. 7 
shows how a typical doubly- 
balanced-mixer performs as a phase 
detector; note that the dc output voltage 
is only a few tenths of a volt. 

The output of the phase detector is 
passed through a special form of active 
low-pass filter. This low-pass filter (fig. 8) 
is often called a tracking filter, and one 
form of it or another is almost always 
used in phase-locked-loop systems. The 
active low-pass filter shown here not only 
provides filtering, it also provides gain. 
The gain makes up for the low sensitivity 
of the doubly-balanced mixer used as the 
phase detector. The maximum gain of the 
active filter (at dc) is ten, the ratio of 1 
megohm to 100 kilohms. 

The output of the tracking filter is 
used to control the vco. The vco circuit 
and its buffer amplifier are shown in fig. 
9. The vco is a type of Colpitts oscillator 
commonly used at vhf, modified to allow 
for voltage-tuning by means of diodes 
CR1 and CR2 — 6.8-pF varicaps (capaci¬ 
tance specified at a reverse bias of four 
volts). In this circuit they are operated in 
series with a reverse bias of five volts. 
Therefore, the total capacitance across 
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inductor L3 from varicaps CR1 and CR2 
is only about 3 pF. 

A very simple buffer amplifier using a 
common gate fet (Q3) is used to isolate 
the vco from the stages it drives. The gate 


buffer are in one cast-aluminum box 
Pomona 2906). The tracking filter is in a 
small aluminum box (LBM-00) and the 
rest of the rf circuitry is in a second 
cast-aluminum box (Pomona 2906). 



is a 5-volt voltage regulator for 70 low-pass filter 

the 95H90, Phase detector output vs phase difference is plotted in fig. 7. 


is at dc ground and the source is untuned; 
the dc source current flows through the 
link on L3. The output link on L5 is used 
to couple the 220-MHz signal back to the 
input of U3 (fig. 6). A second link may 
be used to couple 220-MHz energy out to 
succeeding amplifier stages, but I only 
used one — mismatching a bit. 

A dual regulated power supply was 
used to provide the plus and minus 
15-volt supplies needed for the opera¬ 
tional amplifiers (U4 and U5); +5 volts is 
derived from the +15 volt line using two 
three-terminal voltage regulators (U2 and 
U6). Separate five-volt regulators were 
used to power U3 and vco (Q2) because of 
possible coupling through the power sup¬ 
plies. The power supply is shown in fig. 10. 

construction 

The photograph shows the complete 
220-MHz system. Note that the vco and 


Three short coaxial cables connect the 
three enclosures. It is important to tie the 
crystal down with a copper strap, as shown, 
for grounding and acoustical reasons. 

The rf circuitry in the two cast- 



fig. 7. Typical dc output vs phase difference for 
the doubly-balanced mixer phase detector (U1 
in fig. 6). 
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L3 3V* turns no. 20, 3/16” (4.5 mm) ID, L5 

1/4" (6.5 mm) long. Output link is 1 
turn on cold end of L3 

L4 5 turns no. 28, 1/8” (3 mm) ID, 3/16” 

(4.5 mm) long 


hairpin of no. 16 wire, 1.5” (76 mm) 
long, 7/16” (11 mm) wide, spaced 1/4” 
(6.5 mm) above board. Output link is 1” 
(25.5 mm) long 



-tsv 


fig. 8. Active low-pass filter used in the 
220-MHz frequency synthesizer. U4and U5 are 
operational amplifier ICs. 


aluminum boxes was actually built on 
pieces of copper-clad PC board the same 
size as the plates which come with the 
boxes. This allows for ease of soldering 
grounds and provides a near perfect 
copper ground plane. 

alignment 

Adjustment of the 220-MHz system can 
be done with a vtvm and a grid-dip meter. 
It is best to take it one section at a time. 
First, with the gdo coupled to the crystal 
oscillator collector coil (LI), tune for 
maximum oscillation level consistent with 
reliable starting. The 22-MHz signal at the 
R port of the doubly-balanced mixer (as 
measured with an rf probe on the vtvm) 
should be 0.5 volts rms. 

With the vco input shorted to ground 
(reverse biasing the varicaps with a con¬ 
stant five volts), the vco should be 
adjusted for oscillation at 220 MHz (using 
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the gdo as an absorption wavemeter). 
Then the buffer should be tuned for 
maximum 220-MHz output. 

Connect the vco to the input of U3 
(vco input still shorted) and adjust the 
threshold adjust pot until the divider is 
triggering. Assuming that the input is still 
nearly 220 MHz and the output of U3 is 
nearly 22 MHz, you can repeak all the 
adjustments except the crystal oscillator 
and vco frequency. This should result in 
the output (i-f) port of the doubly- 
balanced mixer having relatively low- 
frequency energy present. This can be seen 
with a scope at the i-f port, or by connect¬ 
ing a meter to the output of op amp 
U5 and slowly and carefully adjusting the 
vco frequency. As the vco goes through 
exactly ten times the crystal frequency, 
the meter will deflect back and forth. 

If all goes well, connect the output of 
the tracking filter to the vco input and 
re-tweak the vco frequency for a lock. 
Locking can be observed by a dc reading 
at the output of U5 which responds 
directionally to vco tuning. The dc out¬ 
put of the phase-detector (U1) is often 
called loop stress and it is the best 
indication of the loop being locked or 
not. For this reason, a meter was added to 
the amplified phase-detector output (out¬ 
put of U5) for continuous monitoring. 



fig. 11. Output spectrum of the 220-MHz 
frequency synthesizer, measured with a 
Hewlett-Packard spectrum analyzer. Note the 
sidebands at ±22 MHz and its multiples — all 
are more than 50-dB down (horizontal scale is 
10 MHz per division). 


Several precautions should be men¬ 
tioned. 1C U3 is mounted in a unique 
way; it is soldered in, with the bottom of 
its ceramic package in contact with the 
copper laminate and all grounded pins 
soldered down. This is for maximum heat 
transfer, which directly affects the upper 
frequency at which the 1C will count. For 
more details see references 2 and 3. Do 
not ground pin 14 of U3. 

There is also the problem of false 
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fig. 10. Power supply for the 220-MHz frequency synthesizer. 
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locking; this occurs at the points where 
the 95H90 is marginally triggering — even 
with the vco input grounded. It occurs as 
the vco gets too far from the center 
frequency of the buffer amplifier's pass- 
band and the output begins to fall. Less 
voltage will cause the counter to miss 


carrier are visible, but they are all more 
than 50-dB down. 

phase modulation 

Finally, it must have occured to some 
of you that it is possible to phase 
modulate the vco by simply operationally 


PHASE DETECTOR 
MC4044P OR 
HEP-C3BOSP 


fig. 12. Basic system for phase modulating a 220-MHz frequency 
synthesizer. Similar technique could be used for other amateur vhf bands. 



counts, and the net affect is a false lock 
indication. 

The final result of proper tuning and 
care in construction is a signal that looks 
like that shown in fig. 11. Note that 
sidebands spaced 22 MHz around the 



Circuitry for the 220-MHz frequency synthesizer 
is packaged in three enclosures which are cabled 
together. 


adding an audio voltage into the vco 
(after the tracking filter). The only 
trouble with this is that the audio is only 
allowed to swing the phase ±90° (at 
most) as seen at the phase detector. This 
means the vco phase may be swung ±900° 
because of the divide-by-ten circuit be¬ 
tween it and the phase detector — not 
much deviation. However, by going to 
three decades and a 220-kHz crystal, you 
can get up to ±90,000°. If this seems to 
be bringing back the days of the old 
Serrodyne modulation, it is— except that 
the times-1000 multiplier is easier. Fig. 
12 shows a block diagram with suggested 
digital ICs in a system for phase modula¬ 
tion of this type. 

references 

1. William Ress, WA6NCT, "Broadband Double- 
Balanced Modulator," ham radio, March, 1970, 
page 8. 

2. Everett Emerson, W6PBC, "Advanced Divide- 
by-Ten Frequency Scaler," ham radio, Septem¬ 
ber, 1972, page 41. 

3. Everett Emerson, W6PBC, "Circuit Improve¬ 
ments for the Advanced Frequency Scaler," 
ham radio, October, 1973, page 30. 
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understanding Q 


A discussion of 
the Q of 
LC tank circuits, 
and its effect 
on transmitters, 
receivers and antennas 
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In World War I some merchant ships were 
heavily armed but disguised to appear as 
unarmed trawlers. German submarines, 
not wanting to expend an expensive and 
scarce torpedo on a mere merchant vessel, 
would surface to sink it with gun fire. 
Then the Q ship would drop its false 
sides, revealing mighty guns that would 
destroy the submarine. Maybe that's how 
Q got a reputation of being not only a 
deep mystery but also something not 
really on the up and up. Many of the 
references to Q in the literature have 
done little to dispel the confusion. 

Q is a "figure of merit," every textbook 
tells. If it's good, why don't we use lots 
of it in the plate tank of a transmitter? 
Oh, no, say the books; too much Q will 
make the circuit inefficient! A contradic¬ 
tion? A high Q dissipates little power in 
the form of heat, but a high-Q antenna is 
to be avoided like a plague! Why? 

A high-Q circuit is one with little resis¬ 
tance, one page of a text tells us; three 
pages later in the same book you read, 
"Use a high value of resistance in the 
circuit so as not to lower its Q." Which 
do you believe? High Q means a good 
flywheel effect. Flywheel? What has that 
got to do with electronics? Q concerns 
the relation of stored energy to released 
energy. Oh, so we measure the efficiency 
of lead-acid storage batteries by their Q? 
Seemingly, there's just no logic to Q! 

There is logic, but you must have a clear 
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concept of the many faces of Q before 
that "logic” appears logical! Let's start 
with a look at fig. 1, Fig. 1A shows a 
basic LC circuit, one with provision for 
applying a momentary pulse of power to 
it. Although a battery and a switch are 
shown, the switch could be replaced by a 
vacuum tube pulsed into conduction by 
the application of a positive-going spike 
to its grid. Now glance at fig. IB and 
imagine a very brief closure of the switch, 
with its reopening a tiny fraction of a 
second later. During the small period of 
time it was closed, energy flowed from 
the power source into the LC circuit. 
Because of this ability to accept energy, 
an LC circuit often is called a tank. 

While considering this tank, let's see 
what the incoming current attempts to do 
and what it does, step by step. It attempts 
to flow equally through both legs of the 
tank. It can't, initially, for the very 
nature of inductive reaction in the induc¬ 
tance leg retards the effort of the current 
to traverse that path. But a portion of the 
current flows unimpeded into the capaci¬ 
tance leg, building up an electrostatic 
change in the form of excess electrons on 
the surface of the dielectric adjacent to 
the upper plate of the capacitor. 

If it helps your understanding, you 
might say that an equal number of electrons 
flowed out of the dielectric next to the 
bottom plate, leaving an excess of holes 
there. That might sound more familiar to 
those of you who have become accus¬ 
tomed to thinking in terms of semicon¬ 
ductors. 

While the electrostatic charge was 
accumulating in the capacitor, the current 
hadn't abandoned its attempt to flow 
through the inductor. It was slowly 
making its way down that leg. As it 
moved through the inductor, it created an 
inductive field which spread out from the 
coil. This field contained, in the form of 
electromagnetic lines of force, a portion 
of the initial energy supplied by the 
power source. As the initial energy pulse 
was very brief compared to the natural 


period of the tank (the period = 1/f, 
where f equals the frequency at which X L 
= X c ), additional energy from the excess 
electrons accumulated on the capacitor's 
upper plate join in the attempt to push 
current through the inductor. In time, 
they succeed. 

As these incoming electrons neutralize 
the excess of holes on the lower plate, 
current flow tries to stop. It can't, just 
yet. For as it falters, the inductive field 
collapses. The energy stored in it is 
returned to the coil, causing a continuing 
flow of current. But this flow has to stop, 
too. When it does, the excess electrons 
built up on the lower plate by the current 
flow caused by the collapsing magnetic 
field tries to return to the upper plate, 
which now has a deficiency of electrons. 

This flow of electrons, a current slightly 
weakened by unavoidable losses, meets 
the same obstacles as did the initial flow 
through the inductor. Like the other it 
succeeds, and one cycle of oscillation has 
taken place in the LC tank. Then starts a 
new cycle of oscillation, duplicating the 
original cycle but less the pulse of energy 
from the external power source. Again 
the cycle is accomplished. But, this time, 
the magnitude of current flowing, the 
magnitude of electrostatic potential built 
up on the capacitor, and the magnitude 
of electromagnetic force built up in and 
returned from the inductor's field will all 
be less than previous cycles. This is where 
Q comes in. 

circuit losses 

Let's think about why those three magni¬ 
tudes decayed. The decay was caused by 
losses. Where did the losses lurk? The 
capacitor leg is a good place to start. This 
is an imperfect world, and no insulator is 
perfect; therefore some losses came about 
from leakage across the insulation inci¬ 
dental to the capacitor. Even though the 
capacitor may have had silver plates, 
some ohmic losses were present. And the 
dielectric itself contributes to the loss 
total by requiring the expenditure of 
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some energy to rearrange its molecular 
structure in order to accommodate the 
excess of electrons (or holes) on first one 
plate and then the other. All of these 
losses are additive. 

In the low-frequency (30 to 300 kHz), 
medium-frequency (300 kHz to 3 MHz) 
and high-frequency (3 to 30 MHz) ranges, 


to the inductor to find the main source of 
loss. Like the capacitor, it has certain 
insulation losses, divided between leakage 
and dielectric hysteresis. Unique to it, 
however, is the fact that not all the 
electromagnetic force stored in its field is 
restored to the inductor when the field 
collapses. Some of it is radiated, some of 



o 


A. Initial state. 



L 4- 1 

O 

B. Start of initial charge 
half-cycle. Electromagnetic 
force being stored in field 
of inductor and electro¬ 
static charge being stored 
in capacitor. 



e 


C. Continuation of first 
half-cycle. Electrostatic 
charge contributing to 
build up of electromag¬ 
netic force. 



D. Final phase of first 
half-cycle. Electromagnetic 
field collapsing and return¬ 
ing energy to the capacitor. 


E. Start of second half- 
cycle. Electrostatic charge 
causes flow through induc¬ 
tor, buildup of electro- 


F. Final phase of second 
half-cycle. One full cycle 
will have been completed. 
Return to (c) for start of 



next cycle. 


it is transliterated into heat by hysteresis 
effect in nearby metallic and dielectric 
objects. All of these add up to a quite 
considerable sum of losses. So large, in 
fact, that we think of the inductor 
exclusively when we talk about losses 
that deteriorate Q in a high-frequency 
circuit. 


fig. 1. Oscillation cycle in an LC tank circuit. 

the total losses associated with the 
capacitor are so low they usually are not 
considered. The capacitor accepts energy 
during one half-cycle and restores it to 
circulation during the following half-cycle 
with an efficiency approaching perfec¬ 
tion! 

Instead, for those frequencies, we look 


You should not lose sight of the phe¬ 
nomenon of energy being extracted from 
the tank and stored in the electro¬ 
magnetic field during one part of the 
oscillation cycle and then being returned 
to the inductor during the next half- 
cycle. If the inductor losses are low, then 
a very substantial portion of the stored 
power will be recaptured. Low losses 
contribute to a high circuit Q so we 
associate high Q with a high percentage of 
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stored power being returned to the 
circuit. 

In considering the matter of stored and 
returned power, you should not overlook 
one striking difference between energy 
stored in a capacitor and that stored in 
the field of an inductor. The electrostatic 
charge stored in a capacitor can be 
retained there for long periods. A well- 
insulated capacitor will hold a high 
percentage of its charge for days. The 
electromagnetic force contained in the 
field of an inductor, however, can never 
be static. It must be in a state flux. 
The moment it ceases expanding from the 
impetus of current flowing through the 
coil, then it starts collapsing. 

Usually ail losses are lumped into one 
heap when we talk about Q. As these 
losses dissipate energy as a resistor dissi¬ 
pates energy, it's both convenient and 
accurate to label these several losses as 
resistive, to lump them as one, and to 
refer to the aggregate as the "equivalent 
resistance” of the circuit. That agreed 
upon, let's look at fig. 2, which shows 
circuits with lumped losses depicted as 
resistors. Fig. 2A has the resistor in series 
with the inductive leg. In such a circuit, 
losses are lower when the resistance is 
low. With losses low, Q is high, and the 
formula Q = X/R applies. We usually have 
this circuit in mind when we talk about 
keeping Q high by cutting resistive losses. 

Fig. 2B takes on more meaning when 
you glance on to fig. 2C. You know from 
experience that having a grid resistor that 
is too low in value results in circuit losses 
that reduce both signal strength and 
circuit selectivity. For this arrangement 
you'd use the Q formula Q = R/X. 

With a little mathematical juggling, you 
can transform the circuit in fig. 2A to 
that of 2B or vice versa. As this article is 
concerned only with identifying Q, I'll 
refer you to any of the numerous texts 
that explain the mathematical manipula¬ 
tions. 

Knowing that high Q relates to low 
circuit losses, let's talk about ways of 
increasing Q by decreasing effective resis¬ 
tance. We'll limit our consideration to 
circuits in the low-, medium- and high- 


frequency spectrum. That means we'll be 
talking about only the inductive leg. 

practical inductors 

The turns of wire (usually) constituting 
an inductor provide a fertile ground for Q 
improvement. If you can have the same 
inductance with fewer turns (shorter wire 
length), it stands to reason that ohmic 
losses will be reduced. This suggests a 
ferrite core. Good, providing that the 
proper type of ferrite is used because 
ferrite is frequency sensitive. Ferrite can 
be very lossy so be sure that the type you 
select won't contribute more hysteresis 
loss than it deletes ohmic loss! 

The magnetic field is another good spot 
for a bit of spade work. The field can be 
confined by winding the inductor in the 
form of a toroid. Although air-core 
toroids have been made (and once were 
very popular in TRF receivers), most now 
are made with ferrite or powdered-iron 
cores. Even better than the toroid is the 
cup-core or pot-core configuration. 
Although very effective in field contain¬ 
ment, it's not convenient to work with, is 
rather expensive, and is not often used by 
amateurs. 

If you prefer not using a confined-field 
type of inductor, you must be careful not 
to introduce excessive loss by mounting 
the inductor too close to other objects. 
Especially guard against getting it too 
close to shielding. Copper is bad enough, 
but iron and steel are much worse! An 
old rule-of-thumb is to keep the coil at 
least a half-diameter away from any 
shielding. Insulators also introduce loss so 
keep down the amount of insulating 
material in the inductor's field. Air-core 
coils have quite small losses, especially 
when wound with spaced turns, and 
ridged coil forms have lower losses than 
those which provide continuous support 
to the wire. Since some insulating 
materials have much lower loss than 
others, investigate and select the type 
that'll serve you best. 

Thus far we've talked about the Q of the 
tank circuit by itself, but tank circuits just 
don't live that way in real life. You'll 
always find them associated with other 

december 1974 E9 19 



circuits or circuit elements. These associ¬ 
ations inevitably tend to reduce the Q. 
This is too bad, for you make careful 
effort to keep the tank's Q high, then, 
when you put it to use, the Q is sliced 
down in a disheartening manner. How¬ 
ever, don't let this situation keep you 
from designing and using a high-Q tank 
because any losses caused by a low Q in 
the basic tank are lost to you forever! On 
the other hand, the lowered Q that comes 
about from coupling the tank to other 
circuits may mean only that you've used 
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fig. 2. Resistance in practical LC circuits. Series 
resistance in (A) and parallel resistance in (B) 
are contributed by the LC components used in 
the circuit. Resistance in (C) is gate resistor of 
following fet stage. 

power from the tank, used to excite a 
following stage or to be radiated from an 
antenna. So it was not lost, just trans¬ 
formed. 

Let's look at a circuit that lowers Q yet 
serves a desired purpose (fig.3). This is the 
plate tank circuit of a transmitter. It's 
coupled, by means of an adjustable pick¬ 
up link, to an antenna through a 72-ohm 
transmission line. We'll assume that the 
line is matched to the feedpoint of a 
resonant antenna so there'll be a 72-ohm 
resistive load presented to the pick-up 
link. This is a form of output coupling 
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that was in common use 30 or 35 years 
ago. 

With the link very loosely coupled to 
the tank coil, very little of the 72-ohm 
load will be reflected into the inductive 
leg of the tank. The tank's impedance 
(and Q), therefore, will be high. When the 
tank is tuned to resonance only a little 
plate current will flow. When tuning into 
resonance, a sharp and deep dip in plate 
current will be seen. When the link is 
moved into closer relationship with the 
plate coil it will reflect more resistance 
into the tank and its impedance (and Q) 
will decrease. Plate current will increase. 
The plate current dip, at resonance, will 
be broad and shallow. Power is being 
extracted from the tank and fed to the 
antenna. You don't regret lowered Q in 
such instances! 

This circuit depicts another contrib¬ 
utor to lowered Q. It's the vacuum tube 
supplying power to the tank. Every 
power-generating (or power-converting) 
device has internal resistance. The 
vacuum tube is no exception. Its resis¬ 
tance is in parallel with the tank, as 
shown in fig. 2B. The Q of the tank 
circuit, therefore, is lowered. 

flywheel effects 

While looking at the circuit of fig. 3 
let's think about another aspect of Q, the 
flywheel effect. The vacuum tube, unless 
it's operating class A, does not supply a 
steady flow of power into the plate tank. 
Instead, the power is applied in pulses. As 
the tank is tuned (synchronized) to the 
frequency (repetition rate) of the pulses, 
a burst of power is fed to the tank in such 
a time relation that it is in phase coinci¬ 
dence with the power circulating within 
the tank. To illustrate, at the moment 
when the top plate of the capacitor is 
providing its excess electrons to reinforce 
those pushing their way down through 
the inductor, the plate of the tube also is 
providing a pulse of current to further 
reinforce the flow. 

You'll recall from the foregoing discus¬ 
sion that, unless "recharged" from an 
external power source, each reversal of 






the oscillating electron flow in the tank 
circuit results in less current and less 
voltage than the preceding one. Neverthe¬ 
less, there is a current flow and there is a 
voltage developed. This phenomenon, the 
fact that current continues to flow after 
the initiating energy pulse has been cut 
off, is known as the flywheel effect. It is 
desirable that there be a very minimum of 
deterioration of power circulating in the 
tank between energy pulses because any 
drop in power is conducive to the genera¬ 
tion of harmonics. 



Also touched upon previously is the 
fact that low circuit losses tend to keep 
the circulating current constant. This 
leads to the conclusion that low losses 
indicate high Q which, in turn, means 
good flywheel effect. 

loaded and unloaded Q 

Now, let's take up the matter of 
unloaded and loaded Q. It's not complex. 
The tank circuit, isolated from all else 
exhibits unloaded Q. When you associate 
it with anything else, the Q will deterio¬ 
rate; this is loaded Q. Usually loaded Q 
refers to the Q at some stipulated load 
and the total load is often made up of 
several contributory loads. 

Thus far I've talked about tank circuits 
in relation to transmitters. There's a 
reason for this. With the meters associ¬ 
ated with a well-designed transmitter you 
can observe the effects of changes in Q 
and the manipulations that cause changes 
in Q. This is not so easily done in 
receivers. 

Before leaving transmitters, let's con¬ 


sider the importance of Q. The prime 
purpose of a transmitter is to produce a 
signal on one selected frequency. It is not 
desired to produce signals on harmonics 
of that frequency or upon any other 
spurious frequency. It's unfortunately 
true that all efficient generators of radio¬ 
frequency power tend to generate some¬ 
thing other than a pure sinusoidal wave; 
they generate waves rich in harmonics. A 
high-Q tank circuit introduces a healthy 
element of selectivity into the situation. 
The tank selects the desired frequency, 
passes it, and rejects (to a degree) all 
others including those troublesome 
harmonics. So, following an active device 
(vacuum tube, transistor, etc.) in an rf 
circuit we like to insert a tank circuit of 
moderate Q. 

Why ''moderate'' Q? Let's go back to 
fig. 1. You'll recall that, as this is a 
resonant circuit, X L = X c , and therefore 
if L is reduced in an effort to raise Q by 
reducing the length of wire in the induc¬ 
tor, C must be made larger to restore 
resonance. Circuit power remains un¬ 
changed. To accommodate this power, a 
tremendous store of electrons must 
accumulate on one plate of the capacitor. 
As the circuit oscillates, this great store of 
electrons must flow through the inductor 
to reach the other plate, creating a much 
heavier current flow than would have 
been the case had the capacitance been 
less and the inductance greater. The 
heavy current encounters some ohmic 
resistance in the coil, which results in the 
generation of heat. For heat, read, "un- 
retrievable loss of radio-frequency 
power.'' Not only is power lost, but the 
resultant heat often damages the coil and 
adjacent components. So, you see, the 
effort to increase efficiency by going too 
enthusiastically after high Q can lead to 
greatly reduced efficiency. Here, as in 
many other aspects of life, moderation is 
the keyword! 

receiver selectivity 

In association with receivers, Q per¬ 
forms perhaps an even more important 
role than in transmitters. Although the 
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growing use of filters (active, crystal, 
mechanical and ceramic) for setting the 
ultimate selectivity of a receiver has taken 
over a function in fixed-frequency cir¬ 
cuits that was once reserved for high-Q 
LC tanks, there are applications for which 
no better alternatives have been found. 
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fig. 4. Common methods of coupling LC 
tank circuits. 


These are in the tunable section of a 
receiver. 

Whether a receiver's circuit is the 
classic TRF, the conventional super¬ 
heterodyne with a fixed intermediate 
frequency, or a superheterodyne with 
semi-tuned input and variable i-f, current 
practice involves the use of LC circuits to 
establish a certain degree of selectivity. 

Ideally, a receiver should have all 
needed selectivity before the first active 
device. Whether that active device is a 
vacuum tube or a transistor, it deterior¬ 
ates the performance of the receiver. 
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Why? Because, with the possible excep¬ 
tion of the beam-deflection tube, it intro¬ 
duces a degree of non-linearity. Non¬ 
linearity means intermodulation products 
can be generated when a strong undesired 
signal is present along with the desired 
signal. Once generated, these products are 
very difficult to cope with. So you'd like 
to eliminate that strong undesired signal 
before it reaches an active device. This 
calls for highly-selective tuned circuits. 
One way of getting these is by using LC 
circuits of sufficiently-high Q. 

Only by the use of superconductivity 
can a single LC tank achieve such a 
remarkable Q, but cryogenic super¬ 
conductivity is expensive so its use is 
limited almost exclusively to receivers for 
reception of signals from outer space. The 
designers of ordinary receivers must look 
to other means of achieving selectivity. 
Fortunately, a ready solution lies in the 
fact that the Q of two or more cascaded 
circuits are multiplicative. For example, if 
you have two cascaded tuned LC circuits, 
each with a Q of 10, the total Q of the 
chain is 100. Add another like circuit, 
and the total Q becomes 1000. This 
phenomenon permits achieving the high 
Q needed for reasonable selectivity but 
does so at the cost of requiring a multi¬ 
plicity of tuned circuits, circuits that 
must be ganged and tracked for con¬ 
venience in tuning. Each of these tuned 
circuits introduces some unavoidable 
losses, but it's a price you must pay. 

There are many ways of cascading 
tuned circuits. Each has its proponents, 
but there seems to be little difference in 
their performance. Several of the many 
available circuits are shown in fig. 4. Two 
bottom-coupled circuits appear in 4A and 
4B, and 4C shows top-coupling. Conven¬ 
tional inductive coupling is illustrated in 
4D. Link coupling appears in 4E, with a 
variant in 4F. The choice of which circuit 
to use seems to lie with consideration of 
physical rather than electrical character¬ 
istics. 

The magnitude of Q needed to achieve 
a specific amount of selectivity, say, 
6 -dB down at 10-kHz bandwidth, varies 





with the frequency of the signal being 
processed. When bandwidth is an appre¬ 
ciable fraction of the signal's frequency, 
selectivity can be had with reasonable Q. 
On the other hand, if the bandwidth is 
very small in relation to the frequency, 
extremely high values of Q are needed. 



Other than the matter of selectivity, 
there's another aspect of Q that's 
important to the receiver designer. It 
concerns the voltage presented to a 
vacuum tube's grid or an fet's gate. Look 
at fig. 5. If a voltage e is induced from the 
adjacent link into the inductive leg of the 
tank, the magnitude of the voltage avail¬ 
able between the grid and cathode of the 
tube will be e times Q. Therefore, high Q 
in receiver tank circuits contributes to the 
overall gain of the receiver. 

antenna Q 

When we consider Q in relation to 
antennas, several factors must be kept in 
mind. Usually, the ohmic resistance (and, 
therefore, the ohmic loss) is so small it is 
swallowed by the much greater "radiation 
resistance" of the antenna. Quotes are 
used to head off any assumption that the 
term has anything to do with real resis¬ 
tance. An antenna, to serve its purpose, 
radiates radio-frequency power. A resistor 
will transliterate radio-frequency energy 
into heat. Each disposes of power so they 
have a common element of action and 
the power could be measured in watts by 
the formula W = l 2 R. In a resistor true 
resistance is used in the formula. For the 
antenna, however, we create an imaginary 


resistor which, if it existed, would con¬ 
sume the same amount of watts. For 
example, if a radio-frequency current of 
two amperes were fed into a 50-ohm 
resistor, 200 watts of power would be 
dissipated in the form of heat. If that 
same two-amperes of current were fed 
into an antenna and 200 watts of power 
were fed into an antenna and 200 watts 
of power were to be radiated into space 
(less that tiny bit lost in heat because of 
the small ohmic resistance), then we could 
conclude that the antenna's "radiation 
resistance" was 50 ohms. 

It would appear that the higher the 
radiation resistance, the greater (for a 
given amount of antenna current) would 
be the radiated power. Unfortunately, 
that radiation resistance appears as a 
series resistance in the equivalent circuit 
of the antenna. What's it going to do to 
the antenna's Q? Lower it, of course! 
From these considerations we can con¬ 
clude that low-Q antennas are desirable, 
but that's true only when the low Q 
comes about because of high radiation 
resistance and not because of high ohmic 
resistance, high losses or any of the other 
factors that can lower Q. 

summary 

In preparing this article, I've inten¬ 
tionally avoided the more conventional 
approaches for presenting facts relating to 
Q. There are many excellent texts that 
deal with such aspects in a thorough and 
rigorous treatment. I have found Radio 
Engineering, by F.E. Terman 1 especially 
useful and recommend it highly. 

What I've tried to present is an easily- 
read but factual identification of Q, an 
account of how it is achieved and 
enhanced in a circuit, and a limited 
number of examples of how optimum 
values of Q are used to accomplish the 
desired results in transmitters, receivers 
and antennas. 
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Many amateur radio operators believe the 
Collins 75A4 to be the best amateur 
receiver ever made. Particularly for CW 
use, there is much truth to this. Unfor¬ 
tunately, the 75A4 is long out of produc¬ 
tion and—for some, at least—out of style. 

Some of the reasons for this fine 
receiver's going out of style include; Size, 
weight and (relatively) high power con¬ 
sumption, o Id-fash ioned a ppearance 
(black crackle, square corners), not set up 
for transceive operation, not equipped for 
break-in muting, vacuum tube instead of 
solid-state design, objectionably high 
noise figure, especially on 10 and 15 
meters, and insufficient dynamic range 
and front-end selectivity. 

Of these factors, the latter two are 
true of all receivers, no matter what their 
vintage, but the 75A4 actually does 
better with them than almost any current 
receiver! The noise figure and dynamic 
range problems have been attacked 
before, 1 and a good preamp can help the 
former at the expense of the latter. 
Another factor, one of the most frustra¬ 
ting and yet most easily overcome, is the 
age-connected problem of stiff tuning and 
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frequency jump. Solving this difficulty is 
the subject of this article. 

The 75A4 is at its best as a CW 
receiver, and CW requires delicate and 
smooth tuning. As 7A4s age, however, 
many begin to get stiff and require 
irregular torque on the tuning knob and 
some may jump frequency a kHz or two 
even while not being tuned. Both of these 
problems have their cause in the 
permeability-tuned oscillator and dial 
assemblies. Many amateurs have learned 


to live with sticky tuning, at least up to a 
point, but frequency jump is intolerable. 
It is probably safe to say that these 
problems account for many of the 75A4s 
being offered on the market today. 

Some discussion of the causes of fre¬ 
quency jump was given in the previously 
cited article. It is now believed that the 
two problems are inter-related, and that if 
sticky tuning is tackled first, the 
frequency-jump problem will usually 
disappear along with it. 



fig. 1. Inside the Collins 7SA4 permeability-tuned 
parts of the PTO assembly, described below. 

1. Cam Idler wheel, which rides on cam stack 
to control idler. 

2. Lead screw, whose rotation moves the tun¬ 
ing slug through the tuning coll. 

3. Lead-screw lubricating washer; should be 
saturated with oil, 

4. Cam idler assembly, whose movement makes 
minor adjustments in oscillator tuning linearity. 

5. Tuning slug. 

6. Moisture-absorbing silica-gel sacks, blue when 
dry and pink when saturated. 


vfo (PTO). The numbers identify the critical 

7. Cam stack, used to compensate for non- 
linearities in oscillator tuning. 

8. Tuning coil, wound with varying pitch to 
approximate linear tuning with slug travel. 

9. Padding capacitor, which establishes oscilla¬ 
tor tuning range. 

10. Cover for tube bases and non-critical PTO 
components. 

11. Trimming inductor, used to set the PTO 
tuning range to precisely one MHz for ten turns 
of the lead screw. 


decern ber 1974 QQj 25 


The bulk of the problem exists inside 
the PTO (fig. 1), and this is where you are 
going to have to go. Pay no attention to 
the manufacturer's caution about not 
breaking the seal of the PTO—these units 
were never hermetically sealed, even 
when brand new. They could breath 
through the bearings and, perhaps, the 
rubber O-ring. Moisture-laden air, 
breathed in a little at a time each time the 
receiver was turned off and cooled down, 
usually turned the silica-gel sack pink 
within the first year's operation—and that 
was a long time ago. If moisture is a 
worry, as it might be in a basement shack 
or in a particularly humid part of the 
country, you could let the receiver run 
around the clock (bad from the energy 
point of view). Better, install a 7%-watt, 
115-volt pilot lamp near the PTO, wired 
directly to the power line, and let it run 
all the time to keep the PTO warm. At 
any rate, moisture is not a problem with 
99.9% of the 75A4s around, but sticky 
tuning is present to some degree in almost 
all of them. 

This operation will be a painful one 
for anyone who doesn't like working with 
tools. Assuming only the usual number of 
minor problems along the way, you can 
expect the complete job of removal, 
repair and reinstallation of the PTO will 
consume the better part of a day. If your 
time and patience are too thin, you might 
try a partial job—but then don't expect 
miracles. 

pto removal 

The first step (after taking the receiver 
out of the cabinet) is to set the tuning 
dial to 14.000 MHz. Next remove the 
vernier knob, mounting plates, ring gear 
and pinion. Put the metal parts into a 
half-pint jar of mineral spirits to soak, or 
better, clean them in an ultrasonic cleaner 
if you happen to have one. Make sure all 
dried grease is removed before you take 
out the parts and dry them. Set up a 
row of saucers or ash trays so that all the 
small hardware can be placed in them in 
sequence as it is removed. This not only 
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keeps them from getting lost, but is also a 
nice memory jogger when reassembly 
time comes. 

From the top of the receiver remove 
the tuner dust cover, top and side screws 
of the PTO rear cover plate, and set screw 
and spring of the passband-tuning bronze 
band. Loosen the two set screws of the 
tuning shaft, immediately to the rear of 
the flexible coupling. 

Remove the bottom plate from the 
bottom of the receiver. On the middle¬ 
bracing chassis cover plate remove the 
front two screws and loosen the rear two 
screws. This will permit the plate to be 
tilted so the PTO can be pulled out of its 
shaft coupler when the time comes. Make 
a sketch of the PTO connections and 
mark the chassis with a felt-tipped pen to 
facilitate reconnecting the wiring correct¬ 
ly when the unit is reinstalled. Unsolder 
the three power leads and the coax. 

Pull out the PTO. The first thing to 
examine and repair is the tuning-shaft 
grounding wiper. This is the small L- 
shaped arm at the front, secured by two 
tiny Phillips-head screws. Its purpose is to 
provide a good ground return on the shaft 



Inside the 75A4. The PTO is hidden by the 
square cover although the two 6BA6 oscillator 
tubes, VI4 and VIS, are clearly visible. 


so that rf currents do not have to 
circulate through the front bearing. When 
the receiver is new, this wiper rides on the 
polished finish of the shaft. However, 
continued use may have caused the shaft 
to gall at this point—check it with your 
fingernail. Roughness here can be a major 
contributor to sticky tuning, so if the 
shaft is rough loosen the screws, bend the 
wiper slightly forward so it rides on a 
smooth portion of the shaft, and apply a 
touch of grease to the contact point. 

lubricants 

There are a lot of misconceptions 
about lubricants. For purposes such as 
this one, plain axle grease and 3-in-1 0/7 
are well up on the list. Axle grease is not as 
strange a choice as it sounds, as pressures 
(i.e., pounds per square inch) at some con¬ 
tact points can become very high and axle 
grease is very good at staying put. For those 
who want something better than axle 
grease, Aero Shell 7 — a general-purpose 
aircraft grease—is excellent. However, it is 
hard to find, expensive, and sells in five- 
pound (minimum) cans. Shell calls it a 
"Microgel Diester Synthetic,” and it has an 
operating temperature range of -100 to 
+300°F. Silicone grease is not good for 
this purpose because of its inferior high 
pressure performance. 

inside the pto 

Now comes the moment of truth! 
ignoring the red-lettered warning decals, 
remove the screws holding the PTO cover 
and carefully slide it off. Examine the 
PTO assembly, noting the locations of the 
various components identified in fig. 1. 
Drop a few drops of 3in-1 Oil on the 
front bearing, on the rear felt washer, and 
on the cam rollers. Put a dab of grease in 

*A previous article on servicing Collins 51J 
series PTOs 2 has several worthwhile suggestions 
that apply to Collins 75A-series receivers as 
well. One of these is to replace the relatively 
unreliable tubular ceramic bypass capacitors in 
the PTO with disc ceramics, an easy job with 
the PTO removed from the receiver, editor 


the rear sleeve bearing (inside the rear of 
the PTO can). Rotate the tuning shaft 
back and forth a few times—it should be 
easy to turn at this point, even with 
greasy fingers. Work the cam followers in 
and out about an eighth-inch (3-mm) or 
so and lubricate them. Grease the cam 
surfaces. You can now replace the PTO 
cover.* 

reassembly 

Replace and reconnect the PTO. Oil 
the turns counter, located between the 
PTO and the front panel. It should be 
possible, from the front panel, to turn the 
dry shaft with bare fingers. Grease the 
vernier knob assembly, gears and bear¬ 
ings, and remount the knob. Reset the 
knob to 14000 kHz, using the crystal 
calibrator to make sure the receiver is 
actually tuned to 14000 kHz, and try it 
out. Feels like a new receiver., doesn't it? 

frequency jump 

If your 75A4 was one of those that 
suffered from this annoying problem 
before, it should be gone now. The 
explanation is that the cam follower in a 
dried out, sticky PTO no longer rode 
easily on the cam. Instead, when the cam 
pitch changed slightly the follower hung 
up on dust off the cam, later dropping 
into proper position and causing that 
annoying jump in frequency. 

One final caution. Keep your eyes 
open, both inside the PTO and around 
the drive train and dial mechanism, for 
dried grease, dirt, metal chips, galled 
surfaces, loose rivets or screws, or mis¬ 
aligned shafts or bearings. These can all 
be taken care of much more easily now, 
when the receiver is all apart, than they 
can late some night during the middle of 
the DX contest! 
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Signal fading is a frequent source of 
frustration in amateur satellite communi¬ 
cations. Much of the fading can be 
attributed to foibles in the patterns of 
simple ground-station antennas. The 
search for a stationary antenna with 
improved pattern characteristics led to 
the development of a circularly-polarized 
ground-plane antenna. This is a novel 
design that combines the best antifading 
features of two antennas often used in 
satellite work — the turnstile and the 
tilted-vertical, ground plane. 1 

The discussion of the circularly- 
polarized, ground-plane antenna has been 
organized in the following fashion: Two 
theoretical sections present the basic con¬ 
cept and the computed patterns. The 
next section examines certain problem 
areas which arise in achieving a practical 
antenna. Details of the construction, 
tune-up and operation of a two-meter 
prototype provide concrete illustrations 
of the design concepts. 
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the basic idea 

Before plunging into the theoretical 
aspects of antenna design, let's list some 
general requirements placed upon fixed 
antennas used to communicate with 
OSCAR satellites. As indicated in the 
appendix, undesirable fading can be re¬ 
duced if the ground-station antenna pro¬ 
vides a good response overhead while 
focusing additional energy near the 
horizon where path losses are greater. 
Furthermore, vertical plane patterns 
should be independent of bearing azi¬ 
muth, and the antenna should preferably 
be circularly polarized. The basic concept 
developed below is that each of these 
requirements is approached by a simple 
arrangement of two tilted-vertical an¬ 
tennas. 

In discussing satellite applications for 
fixed antennas, it is convenient to map 
the far field radiation on an imaginary 
hemisphere centered over the antenna. 
Grid coordinates locating any observation 
point on the hemisphere are designated 
by an azimuth angle and an elevation 
angle. Fig. 1A shows a far field hemi¬ 
sphere over a quarter-wavelength vertical 
erected above a perfectly conducting 
ground plane. Vectors indicating the elec¬ 
tric field magnitude and direction at 
selected points on the hemisphere are 
represented by arrows. 

While the magnitude of the electric 
field is independent of azimuthal bearing, 
it does vary with elevation angle. Notice 
how small the vectors become as eleva¬ 
tion angles increase. The conventional 
plot of this effect is shown in the 
vertical-plane pattern in fig. 2. Here the 
dotted line plots the declining field inten¬ 
sity at elevation angles near 90 degrees. 
The pattern null directly overhead can be 
eliminated if the vertical is tilted away 
from the norma/. The heavy solid line in 
fig. 2 illustrates the relative pattern for a 
vertical antenna tilted at a 45-degree 




fig. 1. Isometric views of a single quarter* 
wavelength vertical (A) and two tilted verticals 
(B) above perfectly conducting ground planes. 
Grid coordinates marked on the far-field hemi¬ 
sphere locate directions in space above the 
antennas. Loci of the vector components of the 
radiated fields have been drawn at selected 
coordinate points. 

angle. In fact, this latter pattern does a 
good job of meeting the first two require¬ 
ments listed above for ground-station 
antennas. 

Returning to fig. 1A, observe that the 
electric-field vector is confined to oscil¬ 
late in a plane containing the antenna and 
the observation point. The radiation 
under these conditions is linearly polar- 
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ized. A maximum transfer of energy will 
occur if the polarization of the ground- 
station antenna matches that of the satel¬ 
lite antenna. However, a deep fade will 
develop if a linearly polarized wave 
emitted by the satellite, for example, 
becomes oriented along a line of constant 
elevation angle instead of a line of 
constant azimuth angle. Such a turn of 
events could be introduced by satellite 

fig, 2. Relative vertical plane 
patterns for quarter- 
wavelength verticals. Dotted 
line: vertical antenna normal 
to perfectly conducting 
ground plane. Solid line: verti¬ 
cal antenna tilted away from 
normal by 45 degrees. 


computed patterns 

Mathematical expressions were derived 
which yield the vector components of the 
field radiated by thin tilted verticals 
erected above a perfectly conducting 
ground. Input variables for the expres¬ 
sions included the angular designation of 
the observation point, lengths and tilt 
angles of the radiators, and the amplitude 
and phase of the excitation currents. 



spin and/or Faraday rotation. The cure is 
to make either the ground or satellite 
antenna sensitive to fields oriented along 
any angle lying in a plane perpendicular 
to the propagation direction. A turnstile 
antenna achieves this characteristic if the 
excitation currents for the two perpendi¬ 
cularly crossed dipoles are of equal mag¬ 
nitude and in phase quadrature. 

Fig. IB gives an indication of the 
electric field components for two tilted 
verticals located in perpendicular planes. 
These quarter-wavelength verticals are fed 
by currents that are equal in magnitude 
but 90 degrees out of phase. For the 
special case where observation points lie 
on the horizon, the field is linearly 
polarized along the hemispheric merid¬ 
ians. At other elevation angles the tip of 
the instantaneous electric-field vector is 
generally not confined to oscillate in a 
meridian plane. Instead, the locus of its 
motion describes an ellipse. Directly over 
the antenna the ellipse degenerates into a 
circle. The important point is that the 
elliptical polarization of this antenna 
offers a degree of freedom from the 
undesirable effects of rotation of the 
plane of polarization while maintaining 
desirable, tilted-vertical behavior in the 
vertical plane radiation patterns. 
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The results of a series of numerical 
calculations using these expressions are 
presented below for the antenna shown in 
fig. IB. Tilt angles of 45 degrees were 
chosen for the quarter-wavelength radia¬ 
tors. While current amplitudes were 
identical for the two radiators, the cur¬ 
rent flowing on radiator 2 was adjusted to 
lag the current flowing on radiator 1 by 
90 degrees. 

Fig. 3 gives the transverse projection 
of the locus of the electric field vector for 
discrete observation points on the far 
field hemisphere. The points are spaced 
around the hemisphere at increments of 
45 degrees in azimuth and 30 degrees in 
elevation. 

As fig. 3 indicates, in general the field 
from the antenna is elliptically polarized. 
Right on the horizon, however, the field 
becomes linearly polarized. There is some 
dependence here upon azimuthal bearing. 
This is shown by the change in arrow 
length as the antenna is encircled and by 
the variation in the azimuthal pattern 
which is plotted in fig. 4A. The field 
strength on the horizon improves by 5.25 
dB in moving from the position of mini¬ 
mum to maximum field. Fig. 3 also 
reveals that the polarization sense is 
largely right-handed for outwardly propa- 



gating waves although one quadrant of 
the hemisphere contains significant 
amounts of left-handed polarization. This 
reversal is denoted by the reversed rota¬ 
tion of the field vector loci. 

Changing the 90-degree phase shift of 
the excitation current for radiator 2 from 
lagging to leading reflects the radiation 
pattern of fig. 3 through the vertical 
plane which bisects the angle between the 



fig. 3. Far-field radiation pattern for the antenna 
shown in fig. IB. Each radiator is tilted away from 
the normal by an angle of 45 degrees. The current 
exciting radiator 2 lags the current exciting radiator 
1 by 90 degrees. Exciting currents are equal in 
magnitude. 


two radiators. This means that the field 
polarization directly over the antenna 
changes from right-handed circular to 
left-handed circular. Fig. 4 gives an exam¬ 
ple of the azimuthal pattern reflection 
arising from a relative phase reversal in 
the excitation currents. 

practical considerations 

The theory discussed so far deals with 
ground-based, quarter-wavelength verti¬ 
cals. However, planting verticals for the 
two-meter band among the roses and 


tulips in the backyard flower bed doesn't 
hold particular promise in raising satellite 
contacts. The practical alternative at 
short wavelengths is to simulate the 
ground with a plane of quarter- 
wavelength radials. The resulting ground- 
plane antenna can then be installed in the 
clear where the electrical properties of 
local terrain features are less influential. 
It is difficult to evaluate the impact of 
such construction upon antenna radiation 
using simple theoretical models. Relative¬ 
ly little work has been reported which 
includes the effects of waves reflected 
from real ground beneath elevated 
ground-plane antennas cut for the satel¬ 
lite frequencies. 

Experimental patterns of isolated ver¬ 
ticals with limited ground planes exhibit 
the general characteristics of the ideal 
model where ground is infinite in extent 
and conductivity. 2 The principal deviation 
in practice occurs as slightly enhanced 
radiation at high elevation angles and 
slightly reduced radiation at the horizon. 
Therefore, a reasonable conjecture is that 
the fundamental framework of the radia¬ 
tion pattern shown in fig. 3 remains 
essentially intact after the ground radials 
are introduced. Some experimental re¬ 
sults supporting this premise are present¬ 
ed in a subsequent section. 

Interesting matching problems were 
posed by the constraints placed upon 
radiator currents l x and l 2 . The 90-degree 
phase shift is conveniently obtained with 
a quarter-wavelength section of trans¬ 
mission line. Equal currents require care¬ 
ful selection of impedance levels at each 
end of the phasing line. Since the radia¬ 
tion resistance at resonance for a thin, 
quarter-wavelength vertical tilted by 30 
to 45 degrees is of the order of 25 ohms, 
and the impedances of popular coaxial 
lines lie near 50 and 75 ohms, some 
impedance juggling has to be done. 

Three possible approaches were con¬ 
sidered. They are outlined schematically 
in fig. 5. At first glance the mechanical 
simplicity of fig. 5A is appealing. A 
phasing section of 26-ohm line is formed 
by paralleling two lengths of 52-ohm 
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coax. The net impedance at the antenna 
input is roughly 13 ohms. This is stepped 
up to 52 ohms by a 1:4 toroidal trans¬ 
former. 3 A definite drawback to fig. 5A 
is the lack of electrical tuning for 
trimming-up the radiator currents. Of 
course, some tuning could be accomplish¬ 
ed by pruning the element lengths and 
varying the tilt angles. On balance, the 
design seems to be more suitable for 
low-frequency operation where lumped- 
circuit tuning elements could be used. 


Fig. 5C supplies considerable tuning 
flexibility at the expense of greater me¬ 
chanical complexity. Each gamma section 
is adjusted for a 50-ohm match, and a 
simple coaxial transformer matches the 
25-ohm impedance of the antenna to a 
52-ohm feedline. 

construction details 

Since ground-plane antennas have long 
been popular with amateurs, the con¬ 
struction of a circularly-polarized, ground 



o 



o 


fig. 4. Azimuthal radiation patterns at elevation angles of zero degrees for the antenna drawn in fig. 
IB. In (A) current exciting radiator 2 lags current exciting radiator 1 by 90 degrees. In (B) current 
exciting radiator 2 leads current exciting radiator 1 by 90 degrees. 


The second design, fig. 5B, offers 
some tuning flexibility. When the gamma 
section is adjusted for 50 ohms, the 
75-ohm, quarter-wavelength line trans¬ 
forms this value to an input impedance of 
112.5 ohms: 


Z, 


n 


(Zjine ) 2 (75)2 

Z|oad 


112.5 ohms 


If both conductors of the folded dipole 
radiator have the same diameter, then the 
dipole construction provides an impe¬ 
dance step-up by a factor of four: 

Zdipoie = 4 x 25 = 100 ohms 

Therefore, a good match to 52-ohm coax 
results by simply connecting the phasing 
line input and the dipole radiator in 
parallel. 
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plane poses no mystery once the basic 
design has been established. Formulas for 
the lengths of radiators, radials and 
quarter-wavelength coaxial lines at both 
hf and vhf have been listed recently 1 
These formulas were used to determine the 
dimensions of a two meter prototype an¬ 
tenna based on the design given in fig. 5B. 

Fig. 6 presents an exploded view of 
the gamma match 4 along with the dimen¬ 
sions of the two tilted radiators. The 
radiators are cut slightly longer than 
necessary from 1 /8-inch (3-mm) diameter 
copper wire (number 8, B&S gauge). A 
threaded end (6-32 thread) of each radia¬ 
tor is fastened to a 6-inch (15.2-cm) 
diameter ground-plane disk with lock- 
washers and nuts. The remaining end of 
the dipole radiator and the center ele- 





fig. 5. Three different ways to feed the tilted 
radiators of circularly-polarized, ground-plane 
antennas. Technique shown in (B) was adopted 
for the two-meter prototype antenna described 
in the text. 

merit of the gamma match are connected 
to SO-239 coaxial panel connectors 
attached to the disk. These details are 
shown in fig. 7. The third SO-239 connec¬ 
tor is used for attaching the feedline to 
the antenna. A tee would do this job 
better if the additional expense of the 
required connectors is no economic bur¬ 
den. Incidentally, the exposed upper 


portions of the SO-239 connectors should 
be protected from the weather with 
silicone sealant such as Dow Corning 
3145. 5 Otherwise moisture will seep into 
the coaxial phasing line and the feedline. 

Sixteen slits are cut around the outer 
edge of the disk to receive the eight 
ground-plane radials. The radials are also 
cut from 1/8-inch (3-mm) diameter 
copper wire. As fig. 7 indicates, the disk 
is deformed slightly around each slit. This 
deformation not only holds the radials 
securely for soldering to the disk, it also 
adds considerable strength to the com¬ 
pleted disk assembly. A right-angle 
bracket is a convenient way to attach the 
disk to a support mast. 

tune-up 

A simple tune-up procedure was 
devised for the two-meter antenna. The 
only instrumentation required is a trans¬ 
mitter and a vswr meter balanced for 
50-ohm lines. Initially each radiator is 
individually pruned for resonance as indi¬ 
cated by a dip in vswr. Next, a 100-ohm 
carbon resistor is shunted across the 
dipole radiator, and the gamma section is 
installed on the single rod radiator. The 
vswr meter is connected to the gamma 
section input. The outer gamma tube and 
the sliding copper strap are alternately 
adjusted for a minimum vswr (below 
1.3:1). The dipole resistor is removed, 
and the 75-ohm phasing line is then 
connected between the two radiators. A 
low vswr should now be observed at the 
antenna input (below 1.6:1). This figure 
may be improved by minor adjustments 
of the gamma section and the lengths of 
the phasing line and radiators. However, 
the primary reason for tuning adjust¬ 
ments at this stage is to balance the 
currents flowing in the radiators. 

There are some simple ways to check 
the current balance. One check is to 
monitor the antenna vswr as the radiators 
are slightly detuned. 4 Under balanced 
conditions the vswr will increase by the 
same amount when a wire stub is clipped 
on to either radiator. 

Another check is to measure the actual 


decernber 1974 [28 33 








fig. $. Dimensional details of the gamma match 
assembly and the two tilted radiators for the 
two-meter antenna. 


radiation pattern of the antenna. Un- 
ambiguous pattern and polarization 
measurements are not easily made for low 
gain antennas. Yet there are two pattern 
characteristics that can be examined with 
an auxiliary dipole antenna coupled to a 
field-strength detector. Does rotation of 
the auxiliary dipole over the test antenna 
produce a highly elongated, dumbbell- 
type response? Does the vertically- 
polarized azimuthal pattern at low 
elevation angles show deep nulls which 
differ markedly from the anticipated 
patterns of fig. 4? If the test range is 
working properly, neither question will 
be answered affirmatively when balanced 
currents are flowing on the ground-plane 
antenna. 

operation 

Operating experiences with the an¬ 
tenna shown in fig. 7 appear to validate 
the pattern characteristics predicted by 
the theoretical model. Once the radiator 
currents were balanced, spot checks of 
the azimuthal pattern at low elevation 
angles revealed no deep nulls. Turning a 
dipole probe from the vertical to the 
horizontal position during these measure¬ 
ments indicated that the horizontally 
polarized components were down by at 
least 12 dB. A point of near circular 


polarization (variation of 1.4 dB as the 
probe dipole rotated through 360 
degrees) was observed to lie within 15 
degrees of the zenith. 

A 20-watt transmitter connected to 
the antenna has been used successfully in 
establishing two-way contacts through 
OSCAR 6. It must be admitted in all 
candor that this is a marginal uplink 
arrangement if a high density of operators 
are concurrently using the satellite. 
AMSAT recommends radiated power 
levels of 80 to 100 watts for consistent 
satellite operation. The antenna gives 
particularly satisfying results during por¬ 
tions of orbits defined by large elevation 
angles. Near the zenith signals were strong 
and steady. As the satellite approaches 
the horizon, there is a gradual increase of 
signal fading characteristic of polarization 
rotation. Although signal levels fall at the 
lowest elevation angles where ground- 
plane limitations become important, the 
uplink signals are returned even when the 
satellite is less than 10 degrees above the 
horizon. 



fig. 7. Assembly of a circularly-polarized, 
ground-plane antenna for the two-meter band. 
The electrical design is shown schematically in 
fig. 53. 
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It stretches the imagination to come 
up with a single, fixed antenna which has 
all three of the pattern characteristics 
listed for ground-station antennas. The 
circularly-polarized, ground-plane pro¬ 
vides a realistic compromise approach. 
The antenna does more right things than 
either turnstiles or tilted verticals. More¬ 
over, building and implementing the 


ground-plane design is a very simple 
process— a lot simpler than trying to 
translate dreams of a tracking helix or 
crossed Yagi into fiscal and physical 
reality! 

It is a pleasure to acknowledge that 
creative ideas and practical assistance 
were supplied by W4LKB during the con¬ 
struction and test phases. 


references 


1. D.W. Covington, K4GSX, "Simple Anten¬ 
nas for Satellite Communications," ham radio , 
May, 1974, page 24. 

2. P.E. Meyer, K0DOK, "The Truth about 5/8- 
Wavelength Vertical Antennas," ham radio, May, 
1974, page 48. 

3. J. Sevick, W2FM1, "The W2FMI 20 Meter 
Vertical Beam," QST , June, 1972, page 14. 

4. K. Nose, KH6IJ, "Crossed Yagi Antennas 
for Circular Polarization," QST, January, 1973, 
page 21. 

5. M.A. Baker, K8WVZ, "Antenna-Sealing Com¬ 


pound," QST (Technical Correspondence), Sep¬ 
tember, 1973, page 44. 

6. R. Soifer, K2QBW, "Frequency Planning for 
AMS AT Satellites," ARRL Technical Sympo¬ 
sium on Space Communications , Reston, Vir¬ 
ginia, September 14, 1973, page 101. 

1. G.H. Millman, "A Survey of Tropospheric, 
Ionospheric and Extra-Terrestrial Effects on 
Radio Propagation Between the Earth and 
Space Vehicles," Propagation Factors in Space 
Communications (W.T. Blackband, Ed.), Tech- 
nivision. Maidenhead, England, 1967, page 3. 


appendix 


fading mechanisms 

Many factors contribute to amplitude fluctu¬ 
ations in signal levels from OSCAR satellites 
revolving in circular, polar orbits. Some fading 
is inherent in the power-sharing feature of the 
linear satellite repeater. Other fading results 
from the changing geometric distance separat¬ 
ing the ground observer and satellite. More 
complex fading is associated with the propaga¬ 
tion of electromagnetic fields in an inhomoge¬ 
neous and anisotropic ionosphere. The rich 
variety of the principle fading mechanisms is 
shown by the diverse entries in the first column 
of table I: 6 * 7 

The second column in table 1 gives some 


azimuthal bearing, vertical plane pattern show¬ 
ing a gradual increase in radiation as elevation 
angles decrease and circular polarization. 

A qualifying word should be added about 
the sense of circular polarization if both the 
satellite antenna and the ground station an¬ 
tenna are circularly pofarized. Both antennas 
should be polarized in the same sense, i.e., 
right-handed, circular polarization (RHCP) or 
left-handed, circular polarization (LHCP). The 
vhf antennas planned for AMSAT OSCAR B 
will be circularly polarized. Once the satellite 
has stabilized, the correct polarization sense for 
ground station antennas are as shown below for 
stations in the Northern Hemisphere. 


mode 


2-10 m 432-145.9 MHz 435.1 MHz 

repeater repeater beacon 


polarization 

sense 


transmitting 

receiving 


LHCP 

* 


RHCP 

RHCP 


* 

LHCP 


feeling for the physical conditions which en¬ 
hance the individual fading mechanisms. 
Admittedly these statements are generaliza¬ 
tions. Nevertheless, they are a useful guide in 
selecting antennas and operating conditions 
which minimize fading. 

The last column in table 1 lists several design 
techniques for improving the performance of 
ground station antennas. Examination of these 
techniques suggests three pattern characteristics 
that are desirable for stationary antennas: ver¬ 
tical plane pattern which is independent of 


The senses are reversed for stations in the 
Southern Hemisphere. 

When a satellite using circularly-polarized 
antennas tumbles in space, the polarization 
sense becomes more difficult to define. In any 
event, the problem can be avoided for fixed 
ground-station antennas by installing a switch 
which selects the correct sense. The selection 
may be derived either from two separate 
antennas of opposite sense or from a single 
antenna which possesses sense reversal capabili¬ 
ties, The latter approach can be implemented 
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table 1. Principal fading mechanisms encountered with OSCAR satellites. 


fading mechanism 


conditions enhancing 
the fading mechanism 


design techniques for ground 
station antennas which minimize fading 


Operator loading 


operators using exces¬ 
sive radiated power 

satellite moving in re¬ 
gions of the local sky 
visible to a high density 
of operators 


position antenna for increased radiation 
along weak signal directions 


Satellite moving over 
pattern nulls of fixed 
ground-station antennas 


multi-lobed antenna 
patterns 


select antenna type and height with a 
minimum number of pattern lobes 

switch in alternate antennas 

mechanically steer the antenna to track 
the satellite 


Changing slant range 



Faraday rotation 



Ionospheric attenuation 


orbits passing over the 
local zenith 


observer direction lies 
within a cone generated 
by a dipole antenna 
moving around the spin 


cross polarization be¬ 
tween circularly-polar¬ 
ized ground and satellite 
antennas 


low frequency 
daytime 

propagation along geo¬ 
magnetic lines of force 


low frequency 
nighttime 

ray paths traverse au¬ 
roral zone 

ray paths traverse geo¬ 
magnetic equatorial re¬ 
gions 

high sunspot activity 


low elevation angles 
low frequency 
daytime 

severe ionospheric dis¬ 
turbances 


increase radiation at low elevation angles 
while maintaining some high-angle radia¬ 
tion 


use circular polarization 

use selectable antennas having orthogonal 
polarizations 


switch polarization sense 


use circular polarization 

use selectable antennas having ortho¬ 
gonal polarizations 


space diversity operation (this is not very 
practical for amateurs) 


increase radiation at low elevation angles 


rather easily by simply moving the transformer 
to the opposite radiator in the symmetrical 
designs (fig. 5A and fig. 50 of the antenna 
discussed in the text. 

The above comments place emphasis on 


fading control through proper antenna design. 
It is clear from table 1 that careful choices of 
orbits, schedule times and operating frequencies 
also offer control over signal fading. 

ham radio 
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three-digit 

touch-tone decoder 


for selective 
calling 


Using tapped toroids 
to build a 
compact, low-cost 
Touch-Tone 
decoder 


ll/Vith so many amateurs now occupying 
tthe limited number of channels in the 
whf/uhf bands, the ability to be paged 
^without having to continually listen to 
tthe chatter on the channel is a real asset. 
[Since many amateurs can already trans- 
rmit Touch-Tone signals, a reliable 
‘selective-call system can be built using the 
Touch-Tone approach. This article 
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describes a Touch-Tone decoder that is 
suitable for a solo or group project and is 
inexpensive to build. It will allow the user 
to be alerted whenever his three-digit 
Touch-Tone number is received by his 
station by means of outputs which can 
ring beds, light lamps or enable speakers 
on receivers. The decoder is designed to 
operate on twelve volts, allowing mobile 
use, and it can be programmed to respond 
to any three-digit number. 

basic design 

Most commercial Touch-Tone de¬ 
coders have separate filters for each tone 
channel to be decoded. The result is a 
large, expensive package. Since tapped 
toroid transformers are readily available,* 

I decided to use a single tapped coil for 
each of the two groups of tones recog¬ 
nized by the decoder. By pulling the 

"Tapped Touch-Tone toroids can be salvaged 
from any scrapped (unrepairable) Touch-Tone 
pad, or purchased new from a number of 
commercial sources. Two such sources are: Alad¬ 
din Electronics, 701 Murfreesborough Road, 
Nashville, Tennessee 37210. LI (low group) 
part number 426-847; L2 (high group) part 
number 426-848. Sangamo Electric Company, 
Communications Products Division, 11th and 
Converse Streets, Springfield, Illinois 62705. LI 
(low group) part number 191983; L2 (high 
group) part number 191984. 
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appropriate tap to ground the coil can be 
tuned to the desired frequency. 

In its initial state, the decoder toroids 
are tuned to the first digit pair of tones. 
Upon receipt of these tones the logic 
circuit switches taps on the toroid, tuning 
the decoder for the second digit pair of 
tones. Upon receipt of these tones the 
toroid taps are again switched and the 


circuit boards. Six wires are used for this 
purpose. In this manner, each user on a 
channel or net can have his own private 
paging number within the group of 1000 
possibilities. 

circuit 

The circuit was constructed on two 
boards. Board A contains the pre* 



Q2 and Q4 are 2N2907, 2N3638 or similar; Q5, Lg 

Q6, Q7 and Q8 are 2N3568, 2N2222, 2N4400 top view top view 

or similar. 


decoder is tuned for the third digit tone 
pair. Upon receipt of the third tone pair 
the call latch is set and the decoder resets 
itself to the initial state; if only one or 
two of the three digits are received, the 
decoder will also reset. 

The user may program the decoder for 
any three-digit number he wishes by 
rearranging the wiring between the two 
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amplifier, tone decoders and power 
supply. Board B contains the logic cir¬ 
cuits to sequence digit recognition and 
provide the signalling output. 

Audio is fed into board A (fig. 1) 
where it is amplified by U1 to drive the 
tone filters and decoders. LI is the low 
group tone filter and L2 is the high group 
tone filter. The transistor drivers follow- 




fig. 2. Touch-Tone decoder hoard B, which includes the logic circuits that sequence digit recognition, 
timing circuits and signal-activating output. Npn transistors are 2N3S68, 2N2222, 2N4400 or similar; 
pnp devices are 2N2907, 2N3638, 2N4402 or similar. 
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ing the toroid filters convert the tones to 
standard logic levels. The power supply 
on board A (Q2) is a regulator to drop the 
12-volt supply line down to 5 volts for 
the TTL logic. 

The two logic signals, hi group and low 
group, are sent from board A to board B 
(fig. 2) where they are used to establish 
the sequencing of the decoder. The states 


BOARD B 



fig. 3. Interconnection wiring diagram be¬ 
tween boards A and B. For programming 
example see fig. 4. 


are sequenced by U5 which counts up 
from 00 as each digit is successively 
recognized. Gates U1A, U1B and U1C 
decode the output states of the counter 
and enable the transistor drivers (Q10-15) 
which pull the taps of the toroids to 
+5 volts. Transistors Q4-Q9 are time 
delays used to slow the circuit to a 
reasonable dialing rate and ensure the 
tones are legitimate before allowing the 
counter to sequence up. The upper time 
delay (Q4-Q6) is about 0.1 second and 
the lower time delay (Q7-Q9) is about 0.5 
second in duration. 

The output of gate U2A is true if 
either tone is present; the output of gate 
U3A is true only if both tones are 
present. 

construction 

The construction of the decoder is a 
matter of individual taste. I used two 


3x3-inch (7.6x7.6-cm) printed-circuit 
cards which will plug into any standard 
edge connector. It is possible to use 
additional logic to reprogram the program 
wires connected between boards and 
change the selective call number remote¬ 
ly. This might prove handy for those who 
desire an extra command for some partic¬ 
ular application. 

To program a selective call number, six 
jumper wires are required. These wires are 
run between the open collector outputs 
of logic board B (fig. 2) and the open taps 
of the toroids on decoder board A (fig. 
1). More than one collector will be 
connected to the same tap in cases where 
digits of the selective call number share 
the same row or column on the Touch- 
Tone keyboard. In effect, the collector 
outputs are logically being "ORed" by a 
parallel connection. This is permissible 
and will not affect the performance. A 
programming example is shown in fig. 4. 

Fig. 3 shows the wiring for the connec¬ 
tions between boards. The two outputs, 
latch out and momentary out, are open 
collectors which pull to ground in the 
true state. They are capable of sinking 
limited amounts of current (10 to 20 
mA), so external drivers should be added 
if your particular application requires 
more current than that. The reset switch 
resets the entire decoder. 

timing requirements 

Each digit of the three-digit selective- 
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PROGRAMMING 
EXAMPLE: 
CALL • 483 


14 

i My 

f 4 (1209) 1 

— 

6 (1358) 


f3 

3 0477) 

ji 

4 ( 770) 

4 

o 

3 

8 (852) 

4 

4; 

o 

3 (897) 

O 

4L 

, 

3 


BOARD A BOARD B 


fig. 4. Touch-Tone tone matrix (left) and 
programming example. Note that common 
tones are used for different digits, and (for 
example) number 471 would have required that 
pins 1, 3 and 4 be strapped together on board B 
and connected to pin 14 of board A to provide 
response to a 1209-Hz tone for all three digits. 
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digit selective-call number must be trans¬ 
mitted for at least 0.5 seconds to be 
recognized by the decoder. Furthermore, 
there may not be a space between digits 
of more than 0.5 second or the decoder 
will reset. These requirements ensure 
good noise immunity and prevent trigger¬ 
ing by voice or other signals on the 
channel. 



fig. 5. Circuit for simple discriminator ampli¬ 
fier, needed when receiver audio emphasis 
makes decoder response unreliable. Transistor 
Q2 is 2N3568, 2N2222, 2N4400 or similar. 

other considerations 

For best performance of a selective- 
call system the following factors must be 
considered. Poor frequency response in 
the audio sections of transmitters and 
receivers have been found to cause severe 
imbalance between the levels of the low 
and high tones in Touch-Tone systems. In 
some instances this difference could be 
great enough to create unreliable perfor¬ 
mance. If a stubborn case of no workee 
occurs, check out the audio response of 
the offending transmitter and receiver. A 
simple discriminator amplifier is shown in 
fig. 5 for those readers who would like to 
recover unprocessed audio from their 
receiver to operate the decoder without 
butchering the existing audio circuits. 

For best results when transmitting 
Touch-Tone selective-call signals, acous¬ 
tical coupling of the Touch-Tone audio 
into the live mike should be avoided, and 
the transmitter microphone should be 
disabled while transmitting the tones. 

ham radio 



FOR DELUXE 
HEADPHONE 


PLUS YOU GET FREE 
ALLIED ELECTRONICS' 
ALL-NEW 

1975 ENGINEERING 
MANUAL & PURCHASING 
GUIDE ... 


DELUXE HEADPHONE. 

Originally $5,951 Here's a quality headphone 
for receiver monitoring, code practice, and 
many experimental uses at a hard-to-beat 
low price of only $2.99. An excellent choice 
for mobile Ham or CB use where a single 
phone is mandatory. Headphone features 
comfortable vinyl-covered headband with 
foam rubber temple-cushion and a plastic 
receiver housing equipped with removable 
earcushion. Impedance, 1000 ohms. Comes 
with captive 5' cord equipped with Vd” phone 
plug. 

PURCHASING GUIDE. 

Yours absolutely free with purchase of de¬ 
luxe headphone I Take AJJied Electronics' 1975 
Guide through a wonderland of electronic 
gear and components. Valued at $5, the 
Guide consists of 362-pages of Allied's best 
for novices, hobbyists, experimenters, and 
professionals. A must for your electronics 
DooksheifI 

BUY NOW WHILE OUR SUPPLY LASTS .... 

Cash in on this limited offer and savel Rush 
your check or money order for $2.99 right 
now to — Dept. $K, Allied Electronics, 1355 
Sleepy Hollow Rd., Elgin, III. 60120. 

Allied electronics 

Oa DIVISION OF TANDY CORPORATION 

V. _ 
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how to convert 
your vtvm to an 

1C voltmeter 


Simple solid-state 
vtvm conversion 
uses LM310H 
voltage-follower 1C, 
costs less 
than five dollars 


The vacuum-tube voltmeter is probably 
the most common piece of test equip¬ 
ment used by amateurs. This article de¬ 
scribes how to convert your vtvm into a 
battery-operated 1C voltmeter (ICvm) at a 
total cost of about $4.00. Input impe¬ 
dance of the ICvm is identical to your 
original vtvm, and accuracy on the dc and 
resistance scales is identical. On the ac 
scales there may be a slight error at the low¬ 
er ranges, although I have not verified this. 

the circuit 

Fig. 1 is a complete schematic of the 
ICvm. While designed around the popular 
Heathkit IM-11 vtvm, the circuitry is 
applicable to virtually all vacuum-tube 
voltmeters. Components in fig. 1 with 
three-digit call outs (i.e., CR100) are new. 
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or are new applications for parts used in 
the original IM-11 vtvm (R133 for 
example, was R33 in the original circuit). 
The only new parts required are Cl00, 
CR100-CR103, SI 00, U100 and two 
9-volt batteries (B100 and B101). 

Begin the conversion by removing the 
pilot lamp, the ac line cord, the power 
supply transformer, capacitor and diode, 
the ac balance pot, the ac balance resis¬ 
tors, both vacuum tubes, tube bias com¬ 
ponents and all zero adjust components 
except the zero adjust pot itself. If you 
are modifying a Heathkit IM-11, the 
components to be removed are Cl, R5, 
R10-R16, VI, V2, R24, C5, C6, R32-R35. 
Components R33, C5 and C6 will be used 
in the ICvm as will the circuit board and 
all the components remaining on it. 

It is necessary to install a dpst toggle 
switch (SI00) to operate as the new 
on-off switch. The vtvm switch wafer 
cannot be used as it has only a single 
pole. The new toggle switch (SI 00) may 
be installed on the front panel of the 
cabinet. Next, mount the two 9-volt 
transistor-radio batteries (B100 and 
B101). These batteries may be inserted 
into a battery holder, or they may simply 
be tied, with lacing cord, to the metal 
bracket holding the 1.5-volt battery. The 
9-volt batteries may be connected to 
S100 at this time. Incidentally, rather 
than buy connectors for B100 and B101, 
make your own by removing the tops 
from two old 9-volt transistor-radio 
batteries and soldering a length of wire to 
each terminal. 
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fig. T. Basic 1C voltmeter circuit may be easily adapted to any commercial vtvm although circuit 
shown here is the popular Heathkit IM-11. In this circuit two semiconductor diodes, CR100 and 
CR101, replace the original 6AL5 detector (see fig. 2). An LM310H high-impedance, unity-gain 
voltage follower, U100, replaces the original 12AU7 (see fig. 3). 


Diodes CR100 and CR101 are solid- 
state replacements for the two diodes in 
the original vacuum-tube detector, VI, a 
6AL5 (see fig. 2). Use the VI tube socket 
to make the diode connections. Connect 
the cathode of CR100 to VI, pin 5, and 
the anode to VI, pin 2. Connect the 
cathode of CR101 to VI, pin 1 or pin 2, 
and the anode of CR101 to VI, pin 7. 

Next wire in U100, the LM310H high 
input impedance (10 10 ohms), unity-gain 
voltage follower.* This same 1C may be 
used in virtually any vtvm (see fig. 3). 

*The LM310H is available for $1.45 postpaid 
from International Electronics Limited, Post 
Office Box 1708, Monterey, California 93940 . 


The LM310H may be wired into the 
remaining tube socket, but remember to 
break all printed-circuit connections go¬ 
ing to the socket. Wiring is not especially 
critical. 

Capacitors Cl05 and Cl06 act to bypass 
the battery power supply and should be 
connected right at U100. Diodes CR102 
and CR103 provide over-voltage protec¬ 
tion in the event a large voltage is probed 
while the ICvm is switched to a low- 
voltage range. Regardless of how large a 
voltage is probed, CR102 and CR103 will 
limit the voltage at pin 3 of U100 to ±9 
volts dc. Resistor R133 limits current into 
CR102 and CR103, and contributes to 
the protective circuitry. 
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Capacitor C100 is used to ensure that 
there is no ac at the input of U100. 
Although the value of C100 is not criti¬ 
cal, increasing its value beyond .001 juF 
will introduce a noticeable time lag into 
your measurements. Resistor R101 is the 
original zero adjust pot. 

Connect the range and function 
switches to the new circuitry, remember¬ 
ing to ground pin 7 of the second deck of 
the function switch. Your wiring should 
now be complete as shown in fig. 1. 
Install the batteries and the LM310H, and 
you are ready for calibration. 

calibration 

First ensure that the mechanical zero 
position of the meter pointer is correct. 
Then turn the ICvm on and adjust the 
zero adjust for either dc- or dc+ zero 
reading with no probe input. There 
should be no appreciable change in the 
zero level when going from dc- to dc+. 
Next probe a known dc voltage and 
adjust the dc cat control to obtain the 
proper meter indication. Now put the 
function switch in the ohms position and 




fig. 3. Solid-state replacement for the 
12AU7 cathode follower uses a high- 
impedance, unity gain voltage-follower 1C, 
the LM310H. The same circuit may be used 
to convert other dual-triode vtvm circuits. 
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fig. 2. Conversion of the original vacuum-tube 
detector is simple and requires two diodes. 
Original ac balance control is not required in 
the solid-state version. Same circuit may be 
used with older instruments using $H6 detec¬ 
tors as well. 


set the ohms adjust control so that 
infinite resistance (probe open-circuited) 
registers full scale on the meter. Finally, 
put the function switch in the ac position 
and carefully adjust ac cat so that a 
known ac input (usually 117 Vac) regis¬ 
ters properly on the meter. Unfortunate¬ 
ly, it is rather difficult to obtain an 
accurate ac source voltage — nowadays 
the ac line is usually closer to 100 Vac 
than it is to 117 Vac. 

The ICvm shown in fig. 1 has been in 
use for seven months with the original set 
of batteries. Since the LM310H draws 
about 4 mA from each 9-volt battery, it is 
well to remember to turn off the unit 
when it's not being used. 
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vhfer’s view of 

Solar Cycle 20 


A discussion of | 

Solar Cycle 20, g 

r* 

w 

now on the wane, | 

and its effects 1 
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on long-distance * 
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50-MHz propagation € 
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As Solar Cycle 20 is finally, though 
somewhat unevenly, drawing to a close, it >. 
is appropriate to consider it and its in 
effects on F 2 propagation in the spec- ^ 
trum above 30 MHz (and more particu- c 
larly 6 meters). The following are the > 
results of personal observations and data ^ 
collection on both aspects. £ 
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As far back as the peak of Solar Cycle 
19 in 1957 I had casually noticed sun¬ 
spots, but it was not until mid 1963 that 
regular plots were made and records kept. 
The whole period since has involved daily 
plot-counts, weather and other factors 
permitting, using a 3-inch reflecting tele¬ 
scope (f/10) with a 60-power eyepiece to 
produce a 5-inch diameter projected 
image of the solar disk. Only when sky 
conditions were deemed suitable would a 
record be made, thus avoiding the inher¬ 
ent inaccuracies of trying to observe the 
sun through even moderate cirrus clouds, 
etc. The only large lack of data was the per¬ 
iod from June through September, 1971. 

Fig. 1 shows the daily average sunspot 
count by month. As some months may 
have involved as many as 25 or more 
plots and others as few as 10 or less, the 
smoothed averages shown in fig. 2 are 
more meaningful. These smoothed 
averages are made by taking sunspot data 
for six months before and after a given 
month and then averaging it. The so- 
called Wolf numbers from my data (made 
by taking ten times the number of sun¬ 
spot groups and adding to the spot count) 
show substantially the same features as 
those presented in figs. 1 and 2. 

Unlike the official records made by 
the Swiss, this data shows a rather later 


SUNSPOTS 


peak of Cycle 20 in 1970 vs the late 
1968 or 1969 peak often cited elsewhere. 
A peak daily count occurred on Novem¬ 
ber 17, 1970, with some 67 spots plotted 
in four groups. The Wolf-count peak for a 
given day was on February 1, 1968, with 
53 spots in ten groups (W = 153). The 
results of this plot are shown in fig. 3. 

The later stages of Solar Cycle 19 in 
1963 are very evident in the graphs. This 
period was followed by a rather pro¬ 
longed minimum running through 1964 
and well into 1965. During these lean 
years the sun was spotless for many days 
at a time. A rebirth of activity was 
dramatic in 1966. In fact, the spotless sun 
of November, 3, 1966, was not dupli- 


provide the necessary information. My 
method of projection viewing and plot¬ 
ting is the simplest and the most safe. 
Photographic setups provide the most 
accurate record but the cost factor there 
can be limiting. Regardless of the method 
you use, do not observe the sun directly 
without adequate filtering devices. Both 
visible and infrared, as well as ultraviolet 
rays, must be reduced to safe levels to 
prevent permanent eye damage (which 
can occur quickly and painlessly). 

vhf propagation 

The ionospheric effects of a solar cycle 
depend greatly on the location of the 
observer. My interest in vhf propagation 
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fig. 1. Raw daily average sunspot counts, 1963-1974. 


cated until October 13, 1972. However, 
during the past year the incidences of 
zero counts have been becoming more 
and more frequent. 

Lacking more sophisticated equip¬ 
ment, I was unable to view the other 
associated solar events such as promi¬ 
nences and flares. 

For those readers who are interested in 
conducting their own solar observations 
just about any astronomy book will 


came about in the early 1960s first in the 
realm of TV-DXing and sporadic-E. I 
became an amateur in late 1963, and the 
results of 50-MHz E s observations made 
during the period from 1964 to 1970 
have appeared elsewhere. 1 - 2 

Much to my regret, suitable equipment 
for monitoring 30- through 50-MHz spec¬ 
trum was not available until the fall of 
1967. Even since then equipment has 
been on the simple side: a Radio Shack 

december 1974 GB 47 




Patrolman, and, in 1970, an Allied 
A-2586. Recently a Hallicrafters SX-62 
has been revamped.Simple random-wire or 
whip antenna systems have been the rule. 

On 50-MHz a low-power a-m trans¬ 
ceiver and a five-element Yagi at 20 feet 
(6.1 meters) was used until the fall of 
1968 when a higher power ssb rig was 
acquired. 

Detailed records of F 2 MUFs in the 
30- to 50-MHz region were not kept 
regularly until the fall of 1968. The late 


with F 2 openings that would have other¬ 
wise passed, undetected. These graphs 
only include direct F 2 modes, and thus 
do not consider backscatter or trans- 
equatorial scatter (TE) propagation. 

There was always a large difference in 
MUF behavior in the United States and 
Latin America, with little apparent 
relationship to one another. For instance, 
on many occasions South American sig¬ 
nals were well above 45 MHz while in the 
United States even 10 meters was dead. 



1964 1965 1966 1967 1966 1969 1970 1971 1972 1973 1974 

fig. 2. Smoothed sunspot counts, 1964-1973. 


1969, early 1970 data has been cut due 
to various receiver-related problems. 
Actually, the term MUF (maximum use- 
able frequency) in these cases should be 
taken as MOF (maximum observed fre¬ 
quency) as no method (e.g., backscatter 
radar) was available to determine if the 
band was "open” higher than the highest 
incoming signal frequency. 

Figs. 4 and 5 show the number of 
days each month that F 2 signals were 
observed in the contiguous United States 
and from Latin America at the indicated 
frequencies. As most of the latter are 
unidentified signals, there is a possibility 
that E s propagation was inadvertently 
included at times. However, as will be 
discussed in more detail later, E s often 
played a big role in providing link-ups 
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But, on other occasions the MUFs in the 
United States almost seemed to be keep¬ 
ing pace with those to Latin America. 

In figs. 4 and 5 the F 2 "season" has 
been limited to September through April, 
although occasionally during the summer 
Latin American signals reached the 
40-MHz region. Both seasonal and solar 
epoch variations are easily found. For 
U.S. MUFs the best months were 
October-December; this in striking con¬ 
trast to the Latin American peaks of 
March and April. Year-to-year changes, 
while not always smooth, show the de¬ 
cline of Solar Cycle 20. 

I should mention a word about the 
seemingly arbitrary frequency divisions 
used in figs. 4 and 5. The selection is 
natural for the U.S. as FCC assignments 




produce large groups at certain fre¬ 
quencies (i.e., fire departments at 33 
MHz; pagers and mobile phones at 35 
MHz; and law enforcement at 37 and 39 
MHz). The Latin American situation is 
different as it is next to impossible to 
obtain station assignment information. 
Thus, no simple groupings are known 
which could make a more meaningful 
frequency division system than that used 
in figs. 4 and 5. 

six meters 

Since 50-MHz DX is of considerable 
interest to the vhf operator, it's worth¬ 
while to take a more detailed look at 
Solar Cycle 20's F 2 effects on six meters. 
Table 1 gives a month-by-month sum¬ 
mary of the number of days and minutes 
total open on 50 MHz by various modes. 
The mode determination is a rather 
simple process of considering the distances, 
peak antenna headings, fade rates, etc. 

Fig. 6 shows the time of day of F 2 and 
TE openings on 50 MHz for the month of 
April summed over the period from 1967 


table 1. Observed 50 MHz band openings. 

number of days 
(opening, total minutes) 


1967 

April 

F2 

1 (85) 

F2bs 

TE 


September 

1 (55) 

- 

- 


October 

- 

1 (15) 

- 

1968 

March 

3 (80) 

- 

- 


April 

14 (635) 

6 (530) 

3 (40) 


May 

2 (30) 

- 

1 (30) 


September 

. 

- 

3 (255) 


October 

- 

1 (5) 

1 (80) 

1969 

February 

1 (40) 

1 (30) 

- 


March 

1 (5) 

3 (410) 

- 


April 

11 (290) 

6 (655) 

4 (60) 


September 

- 

- 

1 (90) 

1970 

February 

- 

- 

3 (150) 


March 

3 (45) 

1 (135) 

- 


April 

9 (340) 

6 (265) 

3 (200) 


May 

2 (40) 

- 

- 


November 

- 

- 

1 (10) 

1971 

March 

1 (20) 

2 (45) 

- 

1972 

March 

3 (60) 

4 (170) 

- 


April 

8 (220) 

3 (175) 

- 


September 

1 (10) 

1 (45) 

- 

1973 

April 

1 (5) 

1 (20) 

. 


September 

1 (15) 

1 (20) 

- 


October 

1 (45) 

- 

- 

1974 

March 

2 (35) 

- 

- 


September 

1 (15) 

- 

- 


to 1973. The time to be on the air is 
clearly in the afternoon. Almost without 
exception, I suspect that all the trans- 
equatorial scatter openings made it this 
far north with the help of an E s link. The 
use of beacons by CE3QG and OA4C in 
those years was a priceless asset. 3 The 
lack of TE since 1970 is believed to be 
due, in large part, to the loss of activity 
from these two stations. 

Backscatter, although not plotted in 
fig. 6, has much the same shape with 
earlier onset and later fadeout points. 
This is very consistent with the pattern of 
F2 backscatter from the southeast, 
followed by direct F2 from South 
America proper, ending with backscatter 
again from the South and Southwest. 

The 50-MHz F2 paths to South 
America's more remote end, namely 
Argentina, Uruguay and Chile, are very 
likely the result of what are known as 
F2-F2 paths, shown in fig. 7. These are 
sometimes called trapezoidal paths due to 
their shape, and they provide very strong 
signals since an intermediate ground re¬ 
flection with signal loss is eliminated. The 
geomagnetic equator, with its attendant 
"bulges" of F2 ionization on each side, is 
responsible for these tilted layers. 

The geometry of the F2-F2 path is 
likely a rather ticklish affair requiring 
several different conditions to coincide. 
For example, if the ionization on the 
more northerly bulge of the path is not 
correct, the path is disrupted. Too low a 
level will cause the 50-MHz signal to 
overshoot the second bulge to the south, 
while the level which is too high may 
cause undershooting. This may explain 
the often observed oddity of six-meter 
stations from Argentina and Uruguay ap¬ 
pearing when all the stations in Ecuador 
and Venezuela were at 44 to 46 MHz. 

Sporadic-E, often seen as a friend in 
linking up with an F2 or TE opening, can 
just as easily ruin, by topside reflection, 
what would otherwise be a good path as 
shown in fig. 8. Since E s may be partially 
transparent, the effect is very likely quite 
variable. 

Six-meter F2 backscatter can be either 
single or double-hop in nature (perhaps 
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giving rise to a total path length of 9000 
miles or more). The best earth reflection 
regions are over the oceans, or to the 
south and southwest of my station. This 
is ground backscatter and not direct 
backscatter from the ionized regions per 
se. E s effects here are much the same as 
with the other two modes already dis¬ 
cussed. 

The following is an expansion with 
comments of the 50-MHz effects summar¬ 
ized in table 1. Suitable references are 
noted in the cases of major events. 

1967 The month of April brought me my 
first meeting of 50-MHz F2 DX. It was 
more than five months before it was 
heard again. 

1968 With some openings in March, April 
proved to be the best month of the Cycle, 
helped along by vast amounts of early 
season E s , which also aided the first TE 
openings noted here. E s also kept the F2 
still alive well into May. The fall, though 
providing plenty of E s -to-TE links, did 
not bring in the huge F2 openings that 
were anticipated by many operators. 

1969 A very strong magnetic disturbance 
on February 2nd brought in backscatter 
here and several other modes elsewhere. 4 
An E s -to-F2 link later in the month 
provided some 40 minutes of the ZK1AA 
beacon. March and April, in contrast to 
the previous spring, brought in much 
more backscatter than direct F2. The lack 

30-1 


of F2 was probably due to the poor E s 
season. 

1970 Good E s in February permitted TE 
once again. Overall, April was better than 
expected, with many instances of the 
Cook Island beacon. However, the high- 



fig. 3. Sunspot diagram for February, 1968. 
Diagram shows 53 spots in 10 groups (Wolfe- 
number = 153). 


light of the year and the Cycle was on 
March 8th where, in one 90-minute 
period 50-MHz F2 backscatter was noted 
in some 16 states as far north as Illinois, 
with direct paths to Puerto Rico. This 
was the largest magnetic storm of Cycle 
20 and occurred during a time of year 
when it would do the F2 layer the most 

MHi 

fig. 4. F2 MUFs for the United 
States plotted here were deter¬ 
mined by noting the highest 
frequency incoming signal that 
originated within the 48 con¬ 
tiguous states. This meant the 
skip for a given frequency was 
down to 3000 km or less. 
When theoretical considera¬ 
tions are applied, the trans¬ 
continental MUF (e.g., 
W4-W6) was considerably 
higher than I could observe. 
Using the ITS maps, the 
4000 Km MUF (nominal maxi¬ 
mum 1-hop F2) can be extra¬ 
polated knowing how short 
the skip is on 35 MHz, etc. 
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fig. 5. Latin American F2 MUFs. 


1972 A rather unexpected upturn in solar 
activity in the spring provided the best 
spring March-April F2 in two years. 

1973 Openings on 50 MHz, though very 
scarce, were amazing in that any occurred 
at all with such low solar levels. 

Close followers of six-meter DX have 
probably noted by now a conspicuous 
absence of details on January 1, 1968. 6 
While this location is very good for Latin 
American F2 (though not as good as 
Florida), when it comes to transcontinen¬ 
tal F2 on 50 MHz it is just too close to 
each coast to get any. On the date in 
question 46-MHz was in from the Pacific 


closest incident was June 5, 1967, when 
a magnetic storm created extremely 
fluttery E s (apparently) to Florida and 
perhaps either double-hop E s or single¬ 
hop F2 to Puerto Rico. With so much E s 
in June it is impossible to be sure of the 
modes without ionosonde evidence at 
hand. The prior week (May 25th) pro¬ 
duced what were likely 49-MHz Latin 
American F2 signals while Florida had 
both visual and radio aurora. 7 * 8 

Along other lines, solar activity intro¬ 
duced vhf noise bursts to me in July, 
1967. Although the event observed was 
nothing extraordinary, having the 
50-MHz background noise rise by 40 or 
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fig. 6, Graph showing 50-MHz F2 and TE openings during the month of April, 1967-1973. 
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50 dB for the first time was a memorable 
occurrence. During the ensuing years, 
while monitoring 30-50 MHz, numerous 
solar noise bursts have been logged inci¬ 
dental to MUF observations. A particular 
incident in April, 1973, when a solar 
noise burst was noted simultaneously 
with an increase in an F2 backscatter 
signal level, was vivid evidence of the 
association of flares, noise bursts and 
extra solar ionizing energy. 

To step out of vhf for a moment, 
another equally dramatic trait of high 
solar levels is the high-frequency blackout 
{caused by extra D-layer ionization and 
consequent increase in collisions and 
absorption) when you are positive that 
your receiver has stopped working. Many 
of these blackouts were stumbled upon 
while attempting to get a WWV propaga¬ 
tion forecast and the vhf E s and F2 
openings went along virtually unaffected. 

future 

While Solar Cycle 20 has not yet 
completely withered away, there is little 
doubt that it will be quite some time 
before the F2 effects on 50 MHz become 
as common as they were in 1968. How¬ 
ever, devoted 50-MHz DXers might still 
be able to catch a few of the freak 
openings still left in the Cycle. For a 
better chance at catching the openings, 
the following suggestions are offered: 

1. If you don't already have a receiver 
that will tune 30 to 50 MHz, by all means 
get one that does. While an SP-600 or one 
of its relatives is best, you can get by with 
a lot less. 

2. Become familiar with the DX signals 
that frequent your area on the band. This 
can be helpful in looking for the more 
common E s openings that might affect 6 
meters.9 When the conditions appear 



fig. 7. Propagation over an F2-F2 path from 
Texas to Argentina (not to scale). 


favorable, don't just listen, call CQ. You 
may end up with a hoarse voice and not 
get a reply, but at least you tried. For 
those fortunate enough to have beacons, 
it will be a lot easier. 

3. Obtain copies of the Telecommunica¬ 
tions Research and Engineering Report 



fig. 8. Sporadic-E shielding of a 50-MHz F2 
path (not to scale). 


13. This has ionospheric predictions for 
F2 median MUF (both at zero and 
4000-km ranges) as well as normal E at 
various solar cycle levels (with interpola¬ 
tion methods) in the form of world maps 
at two-hour intervals for each month of 
the year.* While not all that useful in 
predicting the 50-MHz openings, they 
have supplanted the monthly bulletins 
that ITS {formerly CRPL) used to publish 
and are valuable in determining in which 
directions from your location the MUF is 
peaking at a given time of day, season, 
etc. The F2-F2 path can be inferred from 
the maps, but its MUF will be somewhat 
greater than the 4000-km MUF given on 
the maps for each ''bulge'' near the 
equator. 

4. If you have high-frequency capabilities, 
do all you can with contacts in regions 
where 50 MHz might be likely to stir 
their interest in at least listening on that 
band, if not actually setting up a station. 
Innumerable openings have been lost due 
to lack of 50-MHz activity in Venezuela 
and other parts of northern South 
America — openings where all sorts of 
high-frequency harmonics were pouring 

*Four volumes are available. Volume 1 is the 
instruction manual ($.30), while Volumes 2, 3 
and 4 are for smoothed sunspot levels of 10, 
110 and 160, respectively ($3.00 each). Order 
from the Superintendent, U.S. Government 
Printing Office, Washington, DC 20402. 


52 GB december 1974 



through on or near 50 MHz. In addition, 
the use of beacons on 50 MHz should be 
encouraged in these DX spots. 

The foregoing and suggestions else¬ 
where 10 are a valid formula for getting 
into shape for the next solar cycle peak — 
you have plenty of time as it will not 
likely occur until the latter part of this 
decade. I'm afraid that a lot of plans for 
Solar Cycle 20 got going too late to be of 
much benefit, particularly the set-up of 
some 50-MHz beacons. 

conclusion 

I hope that this article will serve as a 
stimulus to others to undertake similar 
observations and recording of their data. 
This is only one of the ways amateurs can 
justify the portions of the spectrum we 
occupy — by contributing to the basic 
understanding of vhf propagation. 

Over the years I have been indebted to 
several fellow amateurs for their encour¬ 
agement and advice. Bob Cooper, 
W5KHT, deserves special acknowledge¬ 
ment for getting me to keep more 
accurate notes on the F2 DX conditions 
in the 30-50-MHz region. I wish that I 
had started earlier in the Cycle. 
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improving 
the performance 
of low-frequency 

vertical antennas 


Three basic ideas 
for improving 
the efficiency 
of your 
antenna system 


This article discusses certain ideas and 
methods that improve the efficiency of 
vertical antennas. If these methods are 
followed the resulting antenna will per¬ 
form as it should, approaching textbook 
levels of efficiency. 

The first idea to consider is that 
radiation from the antenna is a natural 
phenomenon. It is created by the chang¬ 
ing current, either ac or pulsating dc, that 
is flowing in an electronic circuit. It's that 
simple. As a matter of interest, all elec¬ 
tronic circuits radiate to some degree but 
the amount of radiated energy is so small 
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it is ignored. An antenna is a special 
type of electronic circuit that maximizes 
radiation. 

The second idea is the counterpart of 
the first: radiation can be suppressed only 
by mirror-image currents. This is the 
principle that is used in 300-ohm TV 
ribbon line to prevent radiation. Each 
conductor carries a current equal to the 
other in amplitude and frequency but 
180° out of phase. The radiation from 
each conductor cancels that from the 
other, or very nearly so, thus for practical 
uses the line is considered non-radiating. 

Considering the first and second ideas 
leads to the conclusion that antennas 
should not be built like a two-wire 
transmission line; they should be arranged 
so that there is no suppression of radia¬ 
tion by mirror-image currents. Fortunate¬ 
ly there are two basic methods available 
to accomplish this goal. One is to spread 
the two conductors apart so that the 
radiated field from one conductor will 
not completely cancel that of the other. 
Examples of this type of antenna are 
loops, quads and some types of rhombics. 

The other method is to use a single 
conductor in which current is maximized 
by tuning it to resonance at the operating 
frequency. This is possible because the 
current in the conductor is reflected from 


the open end. The reflected current is in 
phase with the original current and its 
radiation adds to that of the original cur¬ 
rent. The familiar wire antennas — long- 
wires, Zepps, Windoms and so on — use 
this technique and differ only in method 
of feed. It will be assumed that you are 
familiar with loops and single wires so 
they will not be discussed further. The 
grounded vertical version of the wire 
antenna will be discussed, however, in 
terms of its equivalent electrical circuit. 

The antenna, shown in the form of its 
equivalent electrical circuit in fig. 1 con¬ 
sists of a power source, a two-wire line 
and a resistive load which represents the 
radiation and loss resistances of the an¬ 
tenna. Fig. 2 shows another form of the 
antenna circuit. Here, however, it must be 
remembered that the antenna is self¬ 
resonant at the operating frequency and 
presents a 73-ohm load (or thereabouts) 
to the line. Although diagrams such as 
these are helpful in understanding an¬ 
tenna operation, the circuit of fig. 3 is 
even more helpful. 

In fig. 3 the antenna is considered to 
be two quarter-wavelength antennas in 
series, the actual case. The connection 
between the ends of the antenna is 
fictitious, but this is actually the type of 
load the power source sees. At dc it will 
be an open circuit, but at radio frequen¬ 
cies it acts just exactly as if it were a 


POWER 

SOURCE 



73-OHM 
RESISTIVE 
LOAD 


fig. 1. Equivalent electrical circuit of the 
antenna. 


closed circuit. The standing wave of 
current in each quarter-wavelength an¬ 
tenna is responsible for this effect. 

This circuit satisfies the dual require¬ 
ments for the line and the antenna. The 
current into each quarter-wavelength an¬ 
tenna is 180° out of phase with the other, 
but one antenna is physically reversed 


180°. This makes the two antenna cur¬ 
rents in phase, maximizing radiation. Line 
currents, however, are 180° out of phase, 
minimizing radiation. This antenna is 
usually referred to as a half-wavelength, 
center-fed doublet or dipole. It is really 
two quarter-wavelength antennas oper¬ 
ated in push-pull. 


TRANS- 

HITTER 



■j ANTENNA 
(73 OHMS) 


fig. 2. Common form of the antenna circuit. 


Suppose the two quarter-wavelength an¬ 
tennas in push-pull are exchanged for one 
quarter-wavelength antenna and a ground 
connection. This circuit is usually drawn as 
shown in fig. 4. Redrawn in the ac closed- 
circuit form (fig. 5) it looks exactly like 
fig. 3 except for the value of the ground 
resistance. The ground resistance will be 
from about 2 to 200 ohms, depending on 
the physical arrangement of the ground 
system. A 2-ohm ground resistance is 
typical of a broadcast station ground 
system composed of 120 radials; a 200- 
ohm ground is a typical value for a 
ground rod in sandy soil. 

Applying series circuit power calcula¬ 
tions to the antenna-ground circuit brings 
out some very useful and interesting 
information. Power delivered to the 
antenna-ground circuit divides propor¬ 
tionally according to the value of the 
resistances. With a 36.5-ohm quarter- 
wavelength antenna, a 2-ohm ground 
absorbs 5% of the power, a 36.5 resis¬ 
tance absorbs 50% and a 200-ohm resis¬ 
tance will absorb 85% of the power. This 
indicates that there are only two ways to 
improve efficiency. The first is to reduce 
the ground resistance to as low a value as 
possible. The second is to raise the 
antenna resistance to its highest possible 
value. Surprising as it may seem, this 
simple solution is a true engineering 
solution to the problem of achieving 
efficiency in grounded vertical antennas. 
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Reducing the ground resistance by 
using multiple ground rods is poor prac¬ 
tice. Current distribution beneath the 
quarter-wavelength vertical is such that 
ground rods do not intercept much of it. 
Ground wires are much better, either on 
top of the ground or immediately below 
the surface, and should be roughly a 
quarter-wavelength long. One radial is 
roughly 40 ohms; two radials, 180° apart, 



fig. 3. Ac equivalent of the antenna circuit. 

are about 20 ohms; four radials get down 
to about 15 ohms. This is about the 
practical limit for amateur antennas — 
more radials are usually not worth the 
effort. It would, for example, take 116 
more to get down to 2 ohms. Four radials 
should allow the antenna to operate at 
70% efficiency — just 1.5 dB below 
maximum. 

The radials don't have to be on or in 
the ground, they can be elevated above 
ground as well. This leads to the type of 
antenna known as the ground plane. One 
quarter-wavelength radial (antenna) ex¬ 
hibits a resistance of 36 ohms. If there 
was no interaction, two would be 18 
ohms and four would be 9 ohms. How¬ 
ever, the currents are 180° out of phase 
and the radiation is low, so the resistance 
is lower than you would suspect. I have 
not been able to determine the effective 
resistance of the ground plane itself, but 
suspect it is lower than 9 ohms. 

Excellent results can be obtained with 
two or more radials on the ground-plane 
antenna. However, in emergencies only 
one radial will work. The advantage of 
the ground plane is that it can be elevated 
above ground, out of the vicinity of all 
neighborhood "hardware.” 

antenna resistance 

Increasing the antenna resistance with 
respect to the ground system is also a 

56 ESS december 1974 


good technique for improving antenna 
efficiency. For example, the feedpoint 
resistance of half-wavelength verticals 
runs from 500 to 3000 ohms — 500 ohms 
for towers that are wide compared to 
height and 3000 ohms for a very thin 
wire such as you might use for a baloon- 
supported antenna. A TV pipe mast, 
when used for an antenna, exhibits about 
1000 ohms resistance. Considering this 
antenna on the basis of the third idea, it 
can be seen that any type of ground 
system will work well, including that 
200-ohm ground rod! The major diffi¬ 
culty with the half-wavelength antenna is 
that it is twice as high as the quarter- 
wavelength antenna and the 1000 ohms 
or so input resistance is harder to match 
to a 50-ohm transmission line. This is 
especially true if you are running high 
power. 

Remember that it isn't mandatory to 
operate at the quarter- or half-wavelength 
points. The advantage is that these an¬ 
tennas are self-resonant and easier to 
match. Antennas that are not self¬ 
resonant can be resonated by the addition 
of tuning coils and capacitors which 
usually makes matching more difficult. 
Short antennas can be loaded with coils 
part way up the antenna, the tops can be 
folded over, and so on. All of these 
techniques are designed to raise the radia¬ 
tion resistance of the antenna so it will 
accept a higher percentage of the power 
delivered to the antenna-ground circuit. 



fig. 4. Common schematic for a vertical antenna. 


Radials, too, can be loaded or tuned if 
space does not allow the use of radials a 
quarter-wavelength long. Radials can also 
be folded or bent quite severely without 
materially decreasing their effectiveness. 
Loading and folding are usually used on 
1.8 and 3.5 MHz where full-size verticals 



become physically large and difficult to 
erect on the normal city lot or apartment 
house roof. Many such arrangments are 
described in the textbooks that cover 
low-frequency radio engineering, and 
many of the old books from the spark era 
have a wealth of ideas for operating 
antennas on frequencies very much lower 
than the quarter-wavelength resonant fre¬ 
quency. 


TRANS¬ 

MITTER 


Z * 200 OHM 
GROUND RESISTANCE 

fig. 5. Ac equivalent of the vertical antenna 
circuit, 

summary 

To sum up the discussion for improv¬ 
ing medium- and high-frequency vertical 
antennas, the following ideas should be 
thoroughly understood and put into 
practice: 

1. Ac current flowing in a conductor 
radiates energy. This is a natural attribute 
and requires no special expertise. 

2. Radiation can be suppressed only by 
mirror-image currents flowing in nearby 
conductors or structures. Hence, the an¬ 
tenna should be erected away from or 
above these obstructions if possible. 

3. The antenna and ground resistances 
should be arranged to maximize antenna 
resistance and minimize ground resis¬ 
tance. 

These ideas and rules are not new. 
They are sound engineering principles 
that have been in existence since radio 
first came into use. However, they seem 
to have been neglected in most recent 
antenna articles. There is an infinite 
variety of ways vertical antennas can be 
built, and if the construction meets the 
requirements embodied in these three 
basic rules, you can be assured the an¬ 
tenna will work properly. 

ham radio 
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comments 



pi-network design aid 

Dear HR: 

My article on pi networks in the May, 
1974, issue of ham radio (page 62) has 


ohms. These values would be typical for, 
say, a pair of 813 or similar tubes. 
However, the newer tubes designed for 
linear amplifier service use plate voltages 
on the order of 3000 to 4000 volts. 

The principles in the article are still 
valid, however. If the curves of induc¬ 
tance vs plate-load impedance are extra¬ 
polated to include the higher values (see 
fig. 1) it is clear that something must be 
done to the popular B&W 850A coil to 
obtain optimum inductance (assuming a 
nominal Q of 12). 


caused some confusion because of an 
honest (but neglectful) error in the 
example using eq. 1 for tube plate-load 
resistance. When the values given are 
plugged into the equation, the answer is 
5000 ohms, not the 1800 ohms indicated. 
Since the table for the B&W 850A coil is 
for R l = 1800 ohms, the values should 
have been E B = 1900 volts and l B = 
0.525 A, which works out to 998 watts 
input for a plate-load resistance of 1810 



PLATE LOAD (OHMS) 


fig. 1. Curves of inductance vs plate load 
impedance for pi networks extrapolated to 
include values for high-power tubes. 


Inductance 

ohms 

for plate-load 

resistance, = 5000 

band 

L(MH) 

B&W 850A (jJH) 

3.5 

20.0 

13.50 

7.0 

10.0 

6.50 

14 

5.0 

1.75 

21 

3.3 

1.00 

28 

2.5 

0.80 


The inductance values shown for the 
B&W 850A coil are those published in 
their data sheet. I have no axe to grind 
with B&W or their product, because the 
B&W 850A coil is well made and a pretty 
good bargain, even at today's prices. 
However, as I stated in the article, it is a 
design compromise, and to obtain opti¬ 
mum performance the coil must be modi¬ 
fied to obtain the inductances shown. 

Alf Wilson, W6NIF 
Encinitas, California 


memory keyer 

Dear HR: 

The electronic keyer with random- 
access memory described in the October, 
1973, issue has generated considerable 
interest in this area. However, some 
operators have come to the conclusion 
that, "The (expletive deleted) thing 
doesn't work right." The first dot of a 
character following a character ending in 
a dash came out as a dash. Since the 
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keyer circuit is patterned essentially after 
the Micro-TO keyer, the problem isn't 
too difficult to solve — the toggle of the 
second J-K flip-flop should be connected 
to the Q output (pin 9) of the 7473, not 
the Q output (pin 8) as shown in the 
schematic. (The Q output also goes to the 
7402 NOR gate B.) With this simple 
change the keyer works perfectly. 

The modification is easily made if the 
PC board is used. Simply bend pin 8 of 
the 7473 away from the 1C so it will not 
short to the socket, and short pins 8 and 
9 on the PC board. 

Howard M. Berlin, K3NEZ 
Edgewood Arsenal, Maryland 

kilowatt linear 
modifications 

Dear HR: 

Regarding my five-band kilowatt linear 
amplifier which appeared in the January, 
1974, issue of ham radio, following are 
two modifications which will improve its 
operation. The first, suggested by WIOR, 
provides monitoring of both plate and 
screen currents. By removing the ground 
from the plate meter and the positive 
screen supply, and connecting the plate- 
and screen-current meters as shown in fig. 
2, both can be monitored. 

The second modification provides 
better plate and screen efficiency when 
using the amplifier on CW. By adding a 
second zener diode in series with the one 
shown in the original circuit, the static 
plate current may be reduced to near zero 
for operation on CW. When this second 
zener diode is shorted out, the idling 
plate current returns to the proper level 
for linear ssb operation. Note, however, 
that the switch is at -300 volts with 
respect to ground so it must be insulated 
from its frame by at least that amount. 

Some readers are apparently having 
difficulty in determining the proper con¬ 
nections for the zener diode. When using 
a volt-ohmmeter on the ohms scale, the 
polarity is sometimes reversed at the pin 
jacks (plus or red jack is minus and vice 
versa). This can only be checked with 



fig. 2. Improved metering and bias circuit for 
tbe five-band kilowatt linear. Zener diodes 
should be 50-volt units (50 watts) for CW and 
ssb operation. 

another voltmeter or by checking a good 
diode that you know is properly marked. 
It's important to check zener diodes 
before installation because some man¬ 
ufacturers mark their product differently 
from others, and some diodes which 
appear on the surplus market are there 
because they were improperly marked in 
the first place. 

John True, W40Q 
Great Falls, Virginia 

AFSK generator 

Dear HR: 

Having built and tested the AFSK 
generator described in the December, 
1973, issue, I found that the oscillator 
was very sluggish in starting (delays up to 
two minutes). Once started however, the 
unit functions beautifully. 

The problem appears to be in the 
feedback loop of the oscillator, namely 
the crystal and capacitor Cl. The feed¬ 
back gain (j3) is dependent upon the ratio 
of Cx/CI where Cx is the capacitance of 
the crystal. This circuit seemed to need a 
little more feedback gain. Changing Cl to 
510 pF cured the problem. 

If the crystal is a type cut for parallel- 
resonant circuits (as are most of the 
military surplus crystals) the capacitance 
is different than that of a crystal cut for a 
series-resonant circuit, such as the circuit 
used in the AFSK generator. 

David L. Chute, WA1NYL 
Groton, Connecticut 
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Heath HW-7 
modifications 

The Heath HW-7 QRP transceiver is a 
fine example of a compact rig for port¬ 
able or home use. However, there are 
several minor modifications which will 
add to the ease of operations. These 
modifications are: an improved receiver 
blanking system, an adjustable sidetone 
volume level and the addition of a keyer. 

The first modification is an improved 
circuit for cutting off the receiver during 



fig. 1. Schematic diagram of the HW-7 receiver 
blanking modification. The only two compo¬ 
nents needed, a small-signal transistor and a 
270k resistor, are shown in bold. 



fig. 2. Location of the keyer board. Keyer 
controls are mounted on the rear panel. Note, 
at center, diode CR2 is removed from board. 
(Photo by WA5KVB) 


the keydown time. As is, a diode, CR2, is 
used to ground the high-gain audio ampli¬ 
fier's input during the key-down mode 
(see fig. 1). However, the amplifier's 
input is grounded during the time of 
key-down only, and not during key-up. 
Thus, an annoying clicking sound is heard 
as code is sent. 

An improved method of blanking the 
receiver during the transmit mode is to 
actually short the audio amplifier's input 
to ground during key-down and as long as 
the transceiver is in the transmit mode. 
The HW-7 has a time-delayed antenna 
transfer relay to switch between transmit 
and receive. By using the relay's coil 
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signal to switch a transistor gate, the 
receiver's audio amplifier's audio input 
will be grounded during the total transmit 
time. 

The addition of a small signal tran¬ 
sistor and a resistor is the only modifica¬ 
tion needed. Fig. 1 shows the placement 
of the transistor switch in the circuit 
diagram. During the transmit mode, relay 
coil K1 is energized by 12-volts. This 
same voltage is used to turn on the added 
transistor, thus shorting the receiver's 
input. Diode CR2 should be removed as it 
is not needed. 

sidetone volume 

The sidetone amplitude is fixed in the 
HW-7. The addition of a 500k variable 
resistor in series with C45 (0.05 ;uF) will 
allow the adjustment of the sidetone's 
volume to a comfortable listening level. I 
used a miniature Helipot potentiometer, 
but the type is not critical. One lead of 
C45 is lifted from the foil; the potentio¬ 
meter is connected in series with the 
capacitor. The sidetone volume is then 
easily adjusted by varying the added 
series resistor. 

The addition of a keyer will be a 
welcome modification for the CW man. 
Rather than give a full description of the 
keyer design, the placement of the keyer 
in the HW-7 will be described (the keyer I 
used is a cmos version of the Accu- 
Keyer). 1 There Is plenty of room inside 
the rig to allow for a great deal of 
flexibility. The keyer was placed in the 
rear, right-hand corner as shown in fig. 2. 
All of the keyer's controls were brought 
out to the rear panel since adjustments 
are seldom needed. A three-conductor 
phone jack replaces the phone jack origin¬ 
ally used in the HW-7. This allows the use 
of a paddle-type key to be used external¬ 
ly. A tune pushbutton should also be 
mounted on the rear panel to facilitate 
tuning the rig. I recommend that a toggle 
switch not be used for the tuning control 
as the switch might be left on accidentally. 

F.E. Hinkle, WA5KPG 

1. James M. Garrett, WB4VVF, "The WB4VVF 
Accu-Keyer," QST, August, 1973, page 19. 


sensitive rf probe 

To detect the very low-level rf signals 
you may find in receivers or low-level 
transmitter stages, it's necessary to use a 
rectifier that will respond to small signals 
and yet give a respectable output. There 
are two tricks that will help get this done. 

One is to hand pick the signal diodes. 
Most amateurs have the needed test 
equipment on hand. All it takes is a 


TEST 

DIODE 



fig* 3. Circuit for testing diodes for use in the rf 
probe shown in fig. 4. 


source of dc readily varied from zero to 
0.7 volts, a voltmeter you can read 
accurately in that range, a current-limit¬ 
ing resistor and a microammeter. Hook 
them up as shown in fig. 3. Take a 
handful of diodes such as you get for just 
about zero cost on surplus circuit boards 
and test each for its forward-conduction 
voltage. Select the germanium diodes with 
the lowest forward-conduction voltage. 


G» 



fig. 4. Sensitive rf probe uses selected german¬ 
ium diodes in voftage-doubJing circuit. 


Then go back and rescreen that group for 
the ones with the least reverse-conduction 
current. Select two for use in the voltage- 
doubler rectifier shown in fig. 4. 

This circuit, with selected germanium 
diodes, resulted in a change from zero to 
a full volt deflection on my fet-vom when 
used to pick up the output of a feeble rf 
signal generator. 

Carl Drumeller, W5JJ 
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short circuits 

L network design 

The radical sign in equation 7 on page 
27 of the February, 1974, issue should 
extend over the expression (X 2 + R 2 ) at 
the end of the line. This also applies to 
the formula for the constant k in the 
practical example on page 28. 

ssb transceiver 

In the article on the 40-meter ssb 
transmitter and receiver in the March, 
1974, issue of ham radio the author used 
the wrong nomenclature for the Collins 
mechanical filter by calling it an FA21- 
7102. The correct nomenclature for this 
filter is F455FA21 (where F indicates a 
mechanical filter, 455 indicates a 
455-kHz center frequency, FA is the case 
style [FA is used in the S-line] and 21 
indicates a nominal 6-dB bandwidth of 
2.1 kHz). The “7102" on the author's 
filter is simply a date code used by the 
manufacturer. 

lowpass filters 

The construction data for the 40- 
meter lowpass filter described in fig. 3 on 
page 39 of the March, 1974, issue is in 
error. Li should be 15 turns number-16 
on an Amidon T80-6 toroid (1.08 /uH). 
L2 is 13 turns number-16 on an Amidon 
T80-6 core (0.76 /iH). Insertion loss is 
approximately 0.14 dB. 

two-meter transverter 

In the final amplifier schematic (fig. 5) 
for the two-meter transverter on page 12 
of the February, 1974, issue of ham radio 
the symbol for the CTC byistor, BY1, is 
incorrect — the arrowhead should be at 
terminal S, the tail of the arrow at 
terminal I. Also, there should be a 68- 
ohm, 12-watt resistor in series with the 
line from terminal I of BY1 to the junc¬ 
tion of the 0.1-juF capacitor and LI04. 

Yaesu sideband switching 

A serious flaw appeared in the article 
on Yaesu sideband switching which 
appeared in the ham notebook column on 
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page 57 of the December, 1973, issue. 
When the conversion is made as de¬ 
scribed, the USB and LSB are both on the 
same frequency on transmit and receive 
as claimed, but the tune and CW modes 
are shifted 3 kHz on receive but not 
changed on transmit, and the a-m mode is 
not changed on either transmit or receive! 
The problem is that pin 2 of MJ5 must be 
at ground potential to obtain the desired 
frequency shift — it is not in all cases 
with W2MUU's modification. 

Fortunately, the solution is quite 
simple: simply add two silicon diodes as 
indicated in the schematic below. 




cm i 


25OO 2k 


MJ6 



"AM/CW 

>$SB 


The two diodes in this circuit operate 
as an OR gate so that whenever the 
emitter of Q6 (a-m/CW oscillator) or 
Q3 (USB oscillator) is grounded for 
operation, it also grounds the frequency- 
shift circuit. 

cosmos electronic keyer 

In the cosmos 1C electronic keyer 
which was featured on page 6 of the 
June, 1974, issue, the circuit occasionally 
hangs up when first switched on. This can 
be corrected by removing pin 4 of U6A 
from ground and connecting it to pin 10 
of U4B. Thus, when power is turned on, 
if the dot and dash generators both come 
on in the on state, the dash generator can 
now directly reset the dot generator, 
resulting in the emission of a single dash. 
After that the spurious state is perma¬ 
nently suppressed. 

A second problem, where hang up is 
induced by rapid deflection of the keyer 
paddle, is also eliminated by this modifi¬ 
cation. This problem is caused by the 
difference in propagation delays in the 
circuitry of the dot and dash generators 
(the delays in the dash generator are 
greater because the signal must travel 
through more gates). This problem is 
especially evident when going rapidly 
from dash to dot. 




portable 

general-coverage 

receiver 



Barlow Wadley's new XCR-30 receiver 
is the first moderately-priced (around 
$260.00) all solid-state portable to fea¬ 
ture direct frequency readout. Using a 
multiple heterodyne circuit (interpolation 
and crystal oscillators), the XCR-30 is a 
high sensitivity receiver designed to pro¬ 
vide precision no-gap tuning from 500 
kHz to 30 MHz. A 1-MHz crystal — in 
conjunction with the famous Wadley 
Loop circuit found in expensive ($2500 
plus) Racal receivers — stabilizes the re¬ 
ceived frequency and eliminates drift. 
The tuned frequency is displayed mechan¬ 
ically as a composite function of two 
dials; the whole number (in MHz) is 
shown on one dial drum, and the decimal 
portion (in kHz) is shown on the second. 
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Reception modes include a-m, CW and 
switchable single sideband. 

The XCR-30 is metal-cased with ex¬ 
ternal padding, not the usual plastic, and 
measures less than 300x200x100mm. 
Access to internal parts is through 
removal of the front or rear panel. The 
receiver has a built-in loudspeaker, but 
has facilities for headphones, external 
speaker, and 9-12 volt dc power source. 
In addition to the built-in, collapsible 
whip, an external antenna can be 
attached. 

For more information on this exciting 
new receiver from South Africa, write to 
the American distributor, Gilfer Associ¬ 
ates, Inc., Post Office Box 239, Park 
Ridge, New Jersey 07656, or use check¬ 
off on page 136. 

hand-held 

two-meter transceiver 

A new portable solid-state two-meter 
fm transceiver, designed to provide radio 
amateurs with reliable commercial quality 
performance at low cost, is now available 
from the Clegg Division of International 
Signal and Control Corporation. The 
two-watt, 5-channel unit features a 
unique battery saver design that results in 
less than 5-mA standby current drain 
while the high reliability battery offers up 
to 4 or 5 years of life under normal use. 

The new HT-146 also features a 
single-conversion receiver, a monolithic 
crystal filter, and solid state T/R switch¬ 
ing. Plug-in crystals make channel change 
fast and easy. Jacks for external micro¬ 
phone, speaker, and earphone are 
included along with BNC antenna con¬ 
nector and heliflex antenna. Accessories 
available include a tone encoder/decoder, 
microphone, leather case, earphone and 
an automatic battery charger. 

The HT-146 hand-held transceiver is 
priced at $289.00. For additional 
information, write to Technical Litera¬ 
ture Department, Clegg Division, Inter¬ 
national Signal and Control Corporation, 
3050 Hempland Road, Lancaster, 
Pennsylvania 17601, or use check-off 
on page 136. 


More Details? CHECK-OFF Page 136 
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antennas and 
transmission lines 

general 

Antenna dimension (HN) 

WA9JMY p. 66, Jun 70 

Antennas and capture area 

K6MJO p. 42, Nov 69 

Antenna and control-link calculations for 
repeater licensing 

W7PUG p. 58, Nov 73 

Short circuit p. 59, Dec 73 

Antenna and feedline facts and fallacies 

W5JJ p. 24, May 73 

Antenna design, programmable 
calculator simplifies (HN) 

W3DVO p. 70, May 74 

Antenna gain, measuring 

K6JY0 p. 26, Jul 69 

Antenna switching, solid-state 

W2EEY p. 30, Nov 68 

Anti-QRM methods 

W3FQJ p. 50, May 71 

Bridge for antenna measurements, simple 

W2CTK p. 34, Sep 70 

Cubical quad measurements 

W4YM p. 42, Jan 69 

Dipole center insulator (HN) 

WA1ABP p. 69, May 69 

Diversity receiving system 

W2EEY p. 12, Dec 71 

Dummy load and rf wattmeter, low-power 

W20LU p. 56, Apr 70 

Dummy loads, experimental 

W8YFB p. 36, Sep 68 

Dummy load, low-power vhf 

WB9DNI p, 40, Sep 73 

Effective radiated power (HN) 

VE7CB p, 72, May 73 

Feedpoint impedance characteristics 
of practical antennas 

W5JJ p. 50, Dec 73 

Filters, low-pass, for 10 and 15 

W2EEY p. 42, Jan 72 

Gain vs antenna height, calculating 

WB8IFM p, 54, Nov 73 

GDO, new uses for 

K2ZSQ p. 48, Dec 68 

Grounding, safer (letter) 

WA5KTC p. 59, May 72 

Ground rods (letter) 

W7FS p. 66, May 71 

Ground systems, vertical antenna 

W7LR p. 30, May 74 

Headings, beam antenna 

W6FFC p. 64, Apr 71 

Hook, fine # n sinker (HN) 

WA4NED p. 76, Sep 68 

Horizontal or vertical (HN) 

W7IV p. 62, Jun 72 

Impedance measurements, nonresonant antenna 
W7CSD p, 46, Apr 74 

Insulators, homemade antenna (HN) 

W7ZC p. 70, May 73 


Isotropic source and practical antennas 

K6FD p, 32, May 70 

Measurement techniques for antennas 
and transmission lines 

W40Q p. 36, May 74 

Measuring antenna gain 

K6JYO p. 26, Jul 69 

Mobile mount, rigid (HN) 

VE7ABK p. 69, Jan 73 

Power in reflected waves 

Woods p. 49, Oct 71 

Reflected power, some reflections on 

VE3AAZ p. 44, May 70 

Reflectometers 

K1YZW p. 65, Dec 69 

Rf current probe (HN) 

W6HPH p. 76, Oct 68 

Rf power meter, low-level 

W5WGF p. 58, Oct 72 

Sampling network, rf — the milli-trap 

W6QJW p. 34, Jan 73 

Smith chart, how to use 

W1DTY p. 16, Nov 70 

Correction p. 76, Dec 71 

Standing-wave ratios, importance of 

W2HB p. 26, Jul 73 

Correction (letter) p, 67, May 74 

Time-domain reflectometry, practical 
experimenter's approach 

WA0PIA p. 22, May 71 

T-R switch 

K3KMO p. 61, Apr 69 

Voltage-probe antenna 

W1DTY p, 20, Oct 70 

high-frequency antennas 

All band antenna portable (HN) 

W2INS p. 68, Jun 70 

All-band phased-vertical 

WA7GXO p. 32, May 72 

Antenna, 3.5 MHz, for a small lot 

W6AGX p, 28, May 73 

Antenna potpourri 

W3FQJ p. 54, May 72 

Antenna systems for 80 and 40 meters 

K6KA p. 55, Feb 70 

Army loop antenna — revisited 

W3FQJ p. 59, Sep 71 

Added notes p. 64, Jan 72 

Beam antenna, improved triangular shaped 
W6DL p. 20, May 70 

Beam for ten meters, economical 

W1FPF p. 54, Mar 70 

Beverage antenna 

W3FQJ p- 67, Dec 71 

Big beam for 10 meters 

VE1TG p. 32, Mar 68 

Bobtail curtain array, forty-meter 

VE1TG p. 58, Jul 69 

Coaxial dipole, multiband (HN) 

W4BDK p. 71, May 73 

Compact antennas for 20 meters 

W4ROS p. 38, May 71 

Converted-vee, 80 and 40 meter 

W6JKR p. 18, Dec 69 

Cubical quad antenna design parameters 

K60PZ p. 55, Aug 70 
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Cubical-quad antennas, mechanical design of 


VE3II 

Cubical-quad antennas, unusual 

P* 

44, 

Oct 

74 

W1DTY 

P 

■ 6, 

May 

70 

Curtain antenna (HN) 

W4ATE 

Dipole, all-band tuned 

P- 

66, 

May 

72 

ZS6BT 

P- 

22, 

Oct 

72 

Dipole antennas on non-harmonic 




frequencies (HN) 

W2CTK 

P- 

72, 

Mar 

69 

Dipole beam 

W3FQJ 

Dipole pairs, low SWR 

P 

56, 

Jun 

74 


W6FPO 

Dipole sloping inverted-vee 

P- 

42, 

Oct 

72 

W6NIF 

P* 

48, 

Feb 

69 

Double bi-square array 

W6FFF 

Dual-band antennas, compact 

P- 

32, 

May 

71 

W6SAI 

DX antenna, single-element 

P* 

18, 

Mar 

70 

W6FHM 

P- 

52, 

Dec 

72 

Performance (letter) 

Folded mini-monopole antenna 

P- 

65, 

Oct 

73 

W6SAI 

P- 

32, 

May 

68 

Ground-plane, multiband (HN) 
JA1QIY 

Groundp/ane, three-band 

P- 

62, 

May 

71 

LA1EI 

P‘ 

6, 

May 

72 

Correction 

P‘ 

91, 

Dec 

72 

Footnote (letter) 

P- 

65, 

Oct 

72 

High-frequency amateur antennas 




W2WLR 

P 

28, 

Apr 

69 

High-frequency diversity antennas 




W2WLR 

P 

28, 

Oct 

69 

Horizontal antennas, optimum height for 



W7LR 

P- 

40, 

Jun 

74 


Horizontal antennas, vertical radiation patterns 
WA9RQY p. 58. May 74 

Inverted-vee antenna (letter) 

WB6AQF p. 66, May 71 

Inverted-vee antenna, modified 

W2K l"W p. 40, Oct 71 

Log-periodic antenna, 14, 21 and 28 MHz 

W4AEO p. 18, Aug 73 

Log-periodic antennas, 7-MHz 

W4AEO p. 16, May 73 

Log-periodic antennas, feed system for 

W4AEO p. 30, Oct 74 


Log-periodic antennas, vertical 
monopole, 3.5 and 7.0 MHz 
W4AEO p. 44, Sep 

Log-periodic beam, 15 and 20 meters 

W4AEO p. 6, May 


Log periodic feeds (letter) 

W4AEO p. 

Log-periodic, three-band 

W4AEO p. 

Long-wire multiband antenna 

W3FQJ p. 

Low-mounted antennas 

W3FQJ p. 

Mobile antenna, helically wound 
ZE6JP p. 

Mono-loop antenna (HN) 

W8BW p. 

Multiband dipoles for portable use 
W6SAI p. 

Quad antenna, multiband 

DJ4VM p. 

Receiving antennas 

K6ZGQ p. 

Simple antennas for 40 and 80 
WSRUB p. 


66, May 
28, Sep 
28, Nov 
66, May 

40, Dec 
70, Sep 
12, May 

41, Aug 
56, May 
16, Dec 


Simple 1-, 2- and 3-band antennas 

W9EGQ p. 54, Jul 

Sloping dipoles 


WSRUB 

Performance (letter) 
Small-loop antennas 
W4YOT 


p. 19, Dec 
p. 76, May 

p. 36, May 


73 

74 
74 

72 
69 

73 
72 

69 

70 

69 

70 
72 
68 

72 

73 

72 


Stub bandswitched antennas 

W2EEY p. 50, Jul 69 

Suitcase antenna, high-frequency 

VK5BI p. 61, May 73 

Tailoring your antenna, how to 

KH6HDM p. 34, May 73 

Three-band ground plane 

W6HPH p. 32, Oct 68 

Triangle antennas 

W3FQJ p. 56, Aug 71 

Triangle antennas 

W6KIW p. 58, May 72 

Triangle antennas (letter) 

K4ZZV p. 72, Nov 71 

Triangle beams 

W3FQJ p. 70, Dec 71 

Unidirectional antenna for the low-frequency 
bands 

GW3NJY p. 61, Jan 70 

Vertical antenna radiation patterns 

W7LR p. 50, Apr 74 

Vertical antenna, low-band 

W4IYB p. 70, Jul 72 

Vertical antenna, three-band 

W9BQE p, 44, May 74 

Vertical antennas, improving performance of 
K6FD p. 54, Dec 74 

Vertical antennas, performance characteristics 
W7LR p. 34, Mar 74 

Vertical beam antenna, 80 meter 

VE1TG p. 26, May 70 

Vertical dipole, gamma-loop-fed 

W6SAI p, 19, May 72 

Vertical for 80 meters, top-loaded 

W2MB p. 20, Sep 71 

Vertical radiators 

W40Q p. 16, Apr 73 

Vertical, top-loaded 80 meter 

VE1TG p. 48, Jun 69 

Vertical-tower antenna system 

W40Q p. 56, May 73 

Whips and loops as apartment antennas 

W2EEY p. 80, Mar 68 

Windom antenna, four-band 

W4VUO p. 62, Jan 74 

Correction (letter) p. 74, Sep 74 

Zepp antenna, extended 

W6QVI p. 48, Dec 73 

160-meter loop, receiving 

K6HTM p. 46, May 74 

160 meters with 40-meter vertical 

W21MB p. 34, Oct 72 


vhf antennas 

Antennas for satellite communications, simple 
K4GSX p. 24, May 74 

Circularly-polarized ground-plane 

antenna for satellite communications 
K4GSX p. 28, Dec 74 

Collinear antenna for two meters, nine-element 

W6RJO p. 12, May 72 

Collinear antenna (letter) 

W6SAI p. 70, Oct 71 

Collinear array for two meters, 4-element 

WB6KGF p. 6, May 71 

Collinear antenna, four element 440-MHz 

WA6HTP p. 38, May 73 

Collinear, six meter 

K4ERO p. 59, Nov 69 

Corner reflector antenna, 432 MHz 

WA2FSQ p. 24, Nov 71 

Cubical quad, economy six-meter 

W6DOR p. 50, Apr 69 

Ground plane, 2-meter, 0.7 wavelength 

W3WZA p. 40, Mar 69 

Ground plane, portable vhf (HN) 

K9DHD p. 71, May 73 

J-pole antenna for 6-meters 

K4SDY p. 48, Aug 68 
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Log-periodic, yagi beam 



Loads, affect of mismatched 

transmitter 


K6RIL, W6SAI 

p. 8, Jul 

69 

W5JJ 

P- 60, 

Sep 

69 

Correction 

p. 68, Feb 

70 

Matching, antenna, two-band 

with stubs 



Microwave antenna, Low-cost 



W6MUR 

p. 18, 

Oct 

73 

K6HIJ 

p. 52, Nov 

69 

Matching system, two-capacitor 



Mobile antenna, six-meter (HN) 



W6MUR 

p. 58, 

Sep 73 

W4PSJ 

p. 77, Oct 

70 

Mobile transmitter, loading 




Moonbounce antenna, practical 144-MHz 


W4YB 

P- 46, 

May 

72 

K6HCP 

p. 52, May 

70 

Noise bridge, antenna 




Parabolic reflector antennas 



WB2EGZ 

p. 18, 

Dec 

70 

VK3ATN 

p. 12, May 

74 

Noise bridge, antenna (HN) 




Parabolic reflectors, finding the focal length (HN) 

K8EEG 

p. 71, 

May 

74 

WA4WDL 

p. 57, Mar 

74 

Noise bridge for impedance measurements 


Parabolic reflector, 16-foot homebrew 


YA1GJM 

p. 62, 

Jan 

73 

WB6IOM 

p. 8, Aug 

69 

Added notes (letter) 

P- 66, 

May 

74 

Quad-yagi arrays, 432- and 1296-MHz 


Phase meter, rf 




W3AED 

p. 20, May 

73 

VE2AYU, Korth 

p. 28, 

Apr 

73 

Short circuit 

p. 58, Dec 

73 

Stub-switched, stub-matched 

antennas 



Simple antennas, 144-MHz 



W2EEY 

p. 34, 

Jan 

69 

WA3NFW 

p. 30, May 

73 

Swr alarm circuits 




Switch, antenna for 2 meters, solid-state 


W2EEY 

p. 73, 

Apr 

70 

K2ZSQ 

p. 48, May 

69 

Swr bridge 




Two-meter antenna, simple (HN) 



WB2ZSH 

p, 55, 

Oct 

71 

W6BLZ 

p. 78, Aug 

68 

Swr bridge and power meter, 

integrated 



Two-meter fm antenna (HN) 



W6DOB 

p. 40, 

May 

70 

WB6KYE 

p. 64, May 

71 

Swr bridge readings (HN) 




Two-meter mobile antennas 



W6FPO 

p. 63, 

Aug 73 

W6BLZ 

p. 76, May 

68 

Swr meter 




Vertical antennas, truth about 5 / a -wavelength 


W6VSV 

P- 6, 

Oct 

70 

K0DOK 

p, 48, May 

74 

Transmatch, five-to-one 




Vhf antenna switching without relays (HN) 


W7IV 

P- 54, 

May 

74 

K2ZSQ 

p. 76, Sep 

68 

Transmission lines, grid dipping (HN) 



Whip, 5/8-wave, 144 MHz (HN) 



W20LU 

p- 72, 

Feb 

71 

VE3DDD 

p. 70, Apr 

73 

Transmission lines, uhf 




Yagi, 1296-MHz 



WA2VTR 

p. 36, 

May 

71 

W2CQH 

p, 24, May 

72 

Uhf coax connectors (HN) 




144-MHz vertical, %-wavelength 



W0LCP 

P- 70, 

Sep 72 

K6KLO 

p. 40, Jul 

74 





144-MHz antenna, y 8 -wavelength 
built from CB mobi/e whip (HN) 



towers and rotators 



WB4WSU 

p. 67, Jun 

74 

Antenna and rotator preventive maintenance 



matching and tuning 

Antenna coupler for three-band beams 
ZS6ST p, 42, Ma> 

Antenna coupler, six-meter 

K1RAK p. 44, Jul 

Antenna impedance transformer for 
receivers (HN) 

W6NIF p. 70, Jar 

Antenna matcher, one-man 

W4SD p. 24, Jun 

Antenna tuner, automatic 

WA0AQC p. 36, Nov 

Antenna tuner, medium-power toroidal 

WB2ZSH p. 58, Jar 

Antenna tuner for optimum power transfer 
W2WLR p. 28, May 

Antenna tuners 

W3FQJ p. 58, Dec 

Antenna tuning units 

W3FQJ p. 58, Jar 

Baiun, adjustable for yagi antennas 

W6SAI p. 14, May 

Baiun, Simplified (HN) 

WA0KKC p. 73, Ocl 

Baiuns, wideband bridge 

W6SAI, WA6BAN p. 28, Dec 

Broadband Antenna Baiuns 

W6SAI p. 6, Jun 

Couplers, random-length antenna 

W2EEY p. 32, Jan 

Gamma-matching networks, how to design 
W7ITB p. 46, May 

Impedance bridge, low-cost RX 

W8YFB P- 6, May 

Impedance-matching baluns, open-wire 

W6MUR p. 46, No v 

Impedance-matching systems, designing 
W7CSD p. 58, Ju 



WA1ABP 

P- 

66, 

Jan 

69 


Antenna mast, build your own 

tilt over 




W6KRT 

P- 

42, 

Feb 

70 

72 

Correction 

Keeping your beam, tips for 

P- 

76, 

Sep 

70 

71 

W6BLZ 

P- 

50, 

Aug 

68 

Pipe antenna masts, design data 

for 




70 

W3MR 

Rotator, AR-22, fixing a sticky 

P« 

52, 

Sep 

74 

WA1ABP 

P- 

34, 

Jun 

71 

71 

Rotator, T-45, Improvement (HN) 




WA0VAM 

P- 

64, 

Sep 

71 

72 

Stress analysis of antenna systems 




W2FZJ 

P- 

23, 

Oct 

71 

74 

Telescoping tv masts (HN) 
WA0KKC 

Tiltover tower base, low-cost 

P< 

57, 

Feb 

73 

70 

WA1ABP 

Tower, homemade tilt-over 

P« 

86, 

Apr 

68 

72 

WA3EWH 

Tower, wind-protected crank-up 

P- 

28, 

May 

71 

73 

(HN) 

P. 

74, 

Oct 

69 

71 

Wind loading on towers and antenna 




structures, how to calculate 





69 

K4KJ 

P- 

16, 

Aug 

74 

68 

transmission lines 





68 

Coax cable dehumidifier 





K4RJ 

P* 

26, 

Sep 73 

70 

Coax connectors, repairing broken (HN) 



W0HKF 

Coaxial cable, checking (letter) 

P- 

66, 

Jun 

70 


73 

W20LU 

Coaxial cable connectors (HN) 

P< 

68, 

May 

71 

73 

WA1ABP 

Coaxial-cable fittings, type-F 

P« 

71, 

Mar 

69 

73 

K2MDO 

P- 

44, 

May 71 


Coaxial cable supports (HN) 





73 

W2GA 

P- 

56, 

Jun 

68 
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Coaxial cable, what you know about 

W9ISB p. 30, Sep 68 

Coaxial feedthrough panel (HN) 

W3URE p. 70, Apr 69 

Coaxial-line loss, measuring with reflectometer 
W2VCI p. 50, May 72 

Coax, Low-cost (HN) 

K6BIJ p. 74, Oct 69 

Coaxial transmission lines, underground 

W0FCH p. 38, May 70 

Single feedline for multiple antennas 

K2ISP p. 58, May 71 

Solenoid rotary switches 

W2EEY p. 36, Apr 68 

Tuner, receiver (HN) 

WA7KRE p. 72, Mar 69 

Tuner, wall-to-wall antenna (HN) 

W20UX p. 56, Dec 70 

Uhf microstrip swr bridge 

W4CGC p. 22, Dec 72 


audio 


Audio age principles and practice 

WA5SNZ p, 28, Jun 71 

Audio amplifier and squelch circuit 

W6AJF p. 36, Aug 68 

Audio CW filter 

W7DI p. 54, Nov 71 

Audio filters, aligning (HN) 

W4ATE p. 72, Aug 72 

Audio filters, inexpensive 

W8YFB p. 24, Aug 72 

Audio filter mod (HN) 

K6HILL p. 60, Jan 72 

Audio module, a complete 

K4DHC p. 18, Jun 73 

Audio-oscillator module, Cordover 

WB2GQY p. 44, Mar 71 

Correction p. 80, Dec 71 

Compressor, dual channel 

W2EEY p. 40, Jul 68 

Distortion and splatter 

K5LLI p. 44, Dec 70 

Filter for CW, tunable audio 

WA1JSM p. 34, Aug 70 

Filter-frequency translator for cw reception, 
integrated audio 

W2EEY p. 24, Jun 70 

Filter, lowpass audio, simple 

OD5CG p. 54, Jan 74 

Filter, simple audio 

W4NVK p. 44, Oct 70 

Filter, tunable peak-notch audio 

W2EEY p. 22, Mar 70 

Filter, variable bandpass audio 

W3AEX p. 36, Apr 70 

Hang age circuit for ssb and CW 

W1ERJ p. 50, Sep 72 

Headphones, lightweight 

K6KA p. 34, Sep 68 

Impedance match, microphone (HN) 

W5JJ p. 67, Sep 73 

Intercom, simple (HN) 

W4AYV p. 66, Jul 72 

Microphone preamplifier with age 

Bryant p. 28, Nov 71 

Microphone, using Shure 401A with 
the Drake TR-4 (HN) 

G3XOM p. 68, Sep 73 

Oscillator, audio, 1C 

W6GXN p. 50, Feb 73 

Oscillator-monitor, solid-state audio 

WA1JSM p. 48, Sep 70 

Phone patch 

W8GRG p. 20, Jul 71 

Pre-emphasis for ssb transmitters 

OH2CD p. 38, Feb 72 

Rf clipper for the Collins S-Jine 

K6JYO p, 18, Aug 71 


Rf speech processor, ssb 

W2MB p- 18, Sep 73 

Speaker-driver module, 1C 

WA2GCF p. 24, Sep 72 

Speech amplifiers, curing distortion 

Allen p. 42, Aug 70 

Speech clipper, 1C 

K6HTM p. 18, Feb 73 

Added notes (letter) p. 64, Oct 73 

Speech clippers, rf 

G6XN p. 26, Nov; p. 12, Dec 72 

Added notes p. 58, Aug 73; p. 72, Sep 74 

Speech clipping in single-sideband equipment 
K1YZW p. 22, Feb 71 

Speech clipping (letter) 

W3EJD p. 72, Jul 72 

Speech processing 

W1DTY p. 60, Jun 68 

Speech processor for ssb, simple 

K6PHT p. 22, Apr 70 

Speech processor, 1C 

VK9GN p. 31, Dec 71 

Speech processor, logarithmic 

WA3FIY p. 38, Jan 70 

Squelch, audio-actuated 

K4MOG p. 52, Apr 72 

Tape head cleaners (letter) 

K4MSG p. 62, May 72 

Tape head cleaning (letter) 

Buchanan p. 67, Oct 72 

commercial equipment 

Alliance rotator improvement (HN) 

K6JVE p, 68, May 72 

Alliance T-45 rotator Improvement (HN) 

WA0VAM p. 64, Sep 71 

CDR AR-22 rotator, fixing a sticky 

WA1ABP p. 34, Jun 71 

Clegg 27B f S-meter for (HN) 

WA2YUD p. 61, Nov 74 

Collins S-line power supply mod (HN) 

W6IL p. 61, Jul 74 

Collins S-line, rf clipper for 

K6JYO p. 18, Aug 71 

Correction p. 80, Dec 71 

Collins S-line spinner knob (HN) 

W6VFR p. 69, Apr 72 

Collins S-line transceiver mod (HN) 

W6VFR p. 71, Nov 72 

Collins 32S-3 audio (HN) 

K6KA p. 64, Oct 71 

Collins 32S-1 CW modification (HN) 

W1DTY p. 82, Dec 69 

Correction p. 76, Sep 70 

Collins 51J PTO restoration 

W6SAI p. 36, Dec 69 

Collins 75A4 hints (HN) 

W6VFR p. 68, Apr 72 

Collins 75A-4 modifications (HN) 

W4SD p. 67, Jan 71 

Collins 75A4 PTO, making it perform like new 

W3AFM p. 24, Dec 74 

Collins 75A-4 receiver, improving overload 
response in 

W6ZO p. 42, Apr 70 

Short circuit p. 76, Sep 70 

Collins R390A, improving the product detector 

W7DI p. 12, Jul 74 

Comdel speech processor, increasing the 
versatility of (HN) 

W6SAI p. 67, Mar 71 

Drake R-4 receiver frequency 
synthesizer for 

W6NBI p T 6, Aug 72 

Modification (letter) p. 74, Sep 74 

Drake R-4C, electronic bandpass tuning in 

Horner p. 58, Oct 73 

Drake TR-4, using the Shure 401A 
microphone with (HN) 

G3XOM p, 68, Sep 73 
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Drake W-4 directional wattmeter 


James Research permaflex key 


W1DTY 

vd 

00 

d 

Mar 

68 

W1D7Y 

p. 73, 

Dec 

68 

Elmac chirp and drift (HN) 



Knight-kit inverter/charger review 




W5QZF 

p. 68, 

Jun 

70 

W1DTY 

p. 64, 

Apr 

69 

EX crystal and oscillator 




Knight-kit two-meter transceiver 




WB2EGZ 

p. 60, 

Apr 

68 

W1DTY 

p- 62, 

Jun 

70 

Galaxy feedback (HN) 




Mini-mitter II 




WA5TFK 

p. 71, 

Jan 

70 

W6SLQ 

P- 72, 

Dec 

71 

Hallicrafters HT-37, increased sideband 



Motorola channel elements 




suppression 




WB4NEX 

p. 32, 

Dec 

72 

W3CM 

p. 48, 

Nov 

69 

Motorola Dispatcher, converting to 12 volts 


Hammarlund HQ215, adding 160-meter 



WB6HXU 

p. 26, 

Jul 

72 

coverage 




Short circuit 

p. 64, 

Mar 

74 

W2GHK 

p, 32, 

Jan 

72 

Motorola fm receiver mods (HN) 




Heath CA1, ten-minute timer from 

(HN) 



VE4RE 

P- 60, 

Aug 

71 

K8HZ 

p. 74, 

Jul 

68 

Motorola P-33 series, improving 




Heath HG-10B vfo, independent keying of (HN) 

WB2AEB 

p. 34, 

Feb 

71 

K4BRR 

p. 67, 

Sep 

70 

Motorola receivers, op-amp relay for 



Heath HO-10 as RTTY monitor scope (HN) 


W6GDO 

p. 16, 

Jul 

73 

K9HVW 

p. 70, 

Sep 

74 

Motorola voice commander, improving 



Heath HW-7 mods, keying and receiver 



W0DKU 

p. 70, 

Oct 

70 

blanking (HN) 




Motrac Receivers (letter) 




WA5KPG 

p. 60, 

Dec 

74 

K5ZBA 

p. 69, 

Jul 

71 

Heath HW-12 on MARS (HN) 




Quement circular slide rule 




K8AUH 

p. 63, 

Sep 

71 

W2DXH 

p. 62, 

Apr 

68 

Heath HW-16 keying (HN) 




Regency HR-2, narrowbanding 




W7DI 

p. 57, 

Dec 

73 

WA8TMP 

p. 44, 

Dec 

73 

Heath HW16, vfo operations for 




SBE linear implfier tips (HN) 




WB6MZN 

p, 54, 

Mar 

73 

WA6DCW 

p. 71. 

Mar 

69 

Short circuit 

p. 58, 

Dec 

73 

SB301/401, Improved sidetone operation 



Heath HW-17A, perking up (HN) 

p. 70, 

Aug 

70 

W1WLZ 

Signal One review 

p. 73, 

Oct 

69 

Heath HW-17 modifications (HN) 




W1NLB 

p. 56, 

May 

69 

WA5PWX 

p. 66, 

Mar 

71 

Spurious causes (HN) 




Heath HW-100, HW-101, grid-current 



K6KA 

p. 66, 

Jan 

74 

monitor for 




Swan television interference: an 




K4MFR 

P- 46, 

Feb 

73 

effective remedy 




Heath HW-100 incremental tuning (HN) 



W20UX 

p. 46, 

Apr 

71 

K1GUU 

p. 67, 

Jun 

69 

Swan 120, converting to two meters 



Heath HW-100, the new 




K6RIL 

P* 8, 

May 

68 

WIN LB 

p. 64, 

Sep 

68 

Swan 350 CW monitor (HN) 




Heath HW-100 tuning knob, loose (HN) 



K1KXA 

p. 63, 

Jun 

72 

VE3EPY 

p. 68, 

Jun 

71 

Correction (letter) 

P- 77, 

May 

73 

Heath HW-101, using with a separate 



Swan 350, receiver incremental tuning (HN) 


receiver (HN) 




K1KXA 

P- 64, 

Jul 

71 

WA1MKP 

p. 63, 

Oct 

73 

Swan 350 and 400, RTTY operation (HN) 



Heath HW-202, adding private-line 




WB2MIC 

P. 67, 

Aug 69 

WA8AWJ 

p. 53, 

Jun 

74 

Swan 250, update your (HN) 




Heath IM-11 vtvm, convert to 1C voltmeter 


K8ZHZ 

00 

d 

Dec 

69 

K6VCI 

p. 42, 

Dec 

74 

Telefax transceiver conversion 




Heath SB-100, using an outboard receiver 
with (HN) 

K4GMR p. 68, Feb 70 

Heath SB-200 amplifier, modifying for the 
8873 zero-bias triode 

W6UOV p. 32, Jan 71 

Heath SB-200 amplifier, six-meter conversion 
K1RAK p. 38, Nov 71 

Heath SB-300, RTTY with 

W2ARZ p. 76, Jul 68 

Heath SB-303, 10-MHz coverage for (HN) 

W1JE p, 61, Feb 74 

Heath SB-400 and SB-401, improving ale 

response in (HN) 

WA9FDQ p, 71, Jan 70 

Heath SB-610 as RTTY monitor scope (HN) 

K9HVW p. 70, Sep 74 

Heath SB-650 using with other receivers 

K2BYM p. 40, Jun 73 

Heath SB receivers, RTTY reception with (HN) 
K9HVW p. 64, Oct 71 

Heath SB-series crystal control and 
narrow shift RTTY with (HN) 

WA4VYL p, 54, Jun 73 

Heath ten-minute timer 

K6KA p. 75, Dec 71 

Heathkit Sixer, spot switch (HN) 

WA6FNR p. 84, Dec 69 

Heathkit, noise limiter for (HN) 

W7CKH p. 67, Mar 71 

James Research oscillator/monitor 


K0QMR p. 16, Apr 74 

Ten-Tec Argonaut, accessory package for 

W7BBX p. 26, Apr 74 

Ten-Tec RX10 communicators receiver 
W1NLB 

T150A frequency stability (HN) 

WB2MCP 

Yaesu sideband switching (HN) 

W2MUU 

Yaesu spurious signals (HN) 

K6KA 

Units affected (letter) 


p. 63, Jun 71 

p. 70, Apr 69 

p. 56, Dec 73 

p. 69, Dec 71 
p. 67, Oct 73 


construction 

techniques 


W1DTY 


p, 91, Mar 68 


AC line cords (letter) 

W6EG p. 80, Dec 71 

A dab of paint, a drop of wax (HN) 

VE3BUE p. 78, Aug 68 

Aluminum's new face 

W4BRS p. 60, May 68 

Antenna insulators, homemade (HN) 

W7ZC p. 70, May 73 

APC trimmer, adding shaft to (HN) 

W1ETT p, 68, Jul 69 

Blower-to-chassis adapter (HN) 

K6JYO p. 73, Feb 71 

BNC connectors, mounting (HN) 

W9KXJ p. 70, Jan 70 
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Capacitors, oil-filled (HN) 


W20LU 

P- 

66, Dec 

72 

Center insulator, dipole 

WA1ABP 

P. 

69, May 

69 

Coaxial cable connectors (HN) 
WA1ABP 

P- 

71, Mar 

69 

Coax connectors, repairing broken 

(HN) 


W0HKF 

p. 

66, Jun 

70 

Coax relay coils, another use (HN) 
K0VQY 

P* 

72, Aug 

69 

Cold galvanizing compound (HN) 
W5UNF 

P. 

70, Sep 

72 

Color coding parts (HN) 

WA7BPO 

p. 

58, Feb 

72 

Component marking (HN) 

W1JE 

p. 

66, Nov 

71 

Deburring holes (HN) 

W2DXH 

p. 

. 75, Jul 

68 

Drill guide (HN) 

W5BVF 

P. 

68, Oct 

71 

Enclosures, homebrew custom 
W4YUU 

P 

. 50, Jul 

74 

Exploding diodes (HN) 

VE3FEZ 

p. 

57, Dec 

73 

Ferrite beads 

W5JJ 

p. 

48, Oct 

70 

Files, cleaning (HN) 

Walton 

P. 

66, Jun 

74 

Ferrite beads, how to use 

KIORV 

p. 

34, Mar 

73 

Filter chokes, unmarked 

W0KMF 

P- 

60, Nov 

68 

Grommet shock mount (HN) 
VE3BUE 

P* 

77, Oct 

68 

Grounding (HN) 

W9KXJ 

P. 

67, Jun 

69 

Heat sinks, homemade (HN) 
WA0WOZ 

P 

69, Sep 

70 

Homebrew art 

W0PEM 

P- 

56, Jun 

69 

Hot etching (HN) 

K8EKG 

P> 

66, Jan 

73 

Hot wire stripper (HN) 

W8DWT 

p. 

67, Nov 

71 

1C lead former (HN) 

W5ICV 

P 

67, Jan 

74 

Industrial cartridge fuses, using (HN) 
VE3BUE p. 

76, Sep 

68 

Magnetic fields and the 7360 (HN) 
W7DI 

P- 

66, Sep 

73 

Miniature sockets (HN) 

Lawyer 

P- 

84, Dec 

69 

Minibox, cutting down to size (HN) 
W20UX 

P ■ 

57, Mar 

74 

Mobile installation, putting together 
W0FCH p. 

36, Aug 

69 

Mobile mount bracket (HN) 

W4NJF 

P- 

70, Feb 

70 

Modular converter, 144-MHz 
W6UOV 

P- 

64, Oct 

70 


Printed-circuit tool (HN) 

W2GZ p. 74, May 73 

Printed circuits without printing 

W4ZG p. 62, Nov 70 

Professional look, for that 

VE3GFN p. 74, Mar 68 

Punching aluminum panels (HN) 

W7DIM p. 57, Jun 68 

Rack and panel construction 

W70E p. 48, Jun 68 

Rack construction, a new approach 

K1EUJ p. 36, Mar 70 

Rectifier terminal strip (HN) 

W5PKK p. 80, Apr 70 

Restoring panel lettering (HN) 

W8CL p. 69, Jan 73 

Screwdriver, adjustment (HN) 

WA0KGS p. 66, Jan 71 

Silver plating for the amateur 

W4KAE p. 62, Dec 68 

Small parts tray (HN) 

W2GA p. 58, Jun 68 

Solder dispenser, simple (HN) 

W2KID p. 76, Sep 68 

Soldering aluminum (HN) 

ZE6JP p, 67, May 72 

Soldering fluxes (HN) 

K3HNP p. 57, Jun 68 

Soldering tip (HN) 

Lawyer p. 68, Feb 70 

Thumbwheel switch modification (HN) 

VE3DGX p. 56, Mar 74 

Tilt your rig (HN) 

WA4NED p. 58, Jun 68 

Toroids, plug-in (HN) 

K8EEG p. 60, Jan 72 

Transformers, repairing 

W6NIF p. 66, Mar 69 

Trimmers (HN) 

W5LHG p. 76, Nov 69 

Uhf coax connectors (HN) 

W0LCP p. 70, Sep 72 

Uhf hardware (HN) 

W6CMQ p. 76, Oct 70 

Underwriter’s knot (HN) 

W1DTY p. 69, May 69 

Vectorbord tool (HN) 

WA1KWJ p. 70, Apr 72 

Volume controls, noisy, temporary fix (HN) 

W9JUV p. 62, Aug 74 

Watercooling the 2C39 

K6MYC p. 30, Jun 69 

Wiring and grounding 

W1EZT p. 44, Jun 69 

Workbench, electronic 

W1EZT p. 50, Oct 70 


features and fiction 


Neutralizing tip (HN) Binding 1970 issues of ham radio (HN) 


ZE6JP 

p. 69, 

Dec 

72 

W1DHZ 

P- 

72, 

Feb 

71 

Noisy fans (HN) 




Dynistor, the 




W8IUF 

o 

d 

Nov 

72 

W6GXN 

P- 

49, 

Apr 

68 

Correction (letter) 

P- 67, 

Oct 

73 

Catalina wireless, 1902 




Nuvistor heat sinks (HN) 




W6BLZ 

P 

32, 

Apr 

70 

WA0KKC 

p. 57, 

Dec 

73 

Early wireless stations 




Parasitic suppressor (HN) 




W6BLZ 

p. 

64, 

Oct 

68 

WA9JMY 

p. 80, 

Apr 

70 

Electronic bugging 





Printed-circuit boards, cleaning (HN) 



K2ZSQ 

P 

70, 

Jan 

68 

W5BVF 

p. 66, 

Mar 

71 

Fire protection in the ham shack 





Printed-circuit boards, how to make 



Da rr 

P 

54, 

Jan 

71 

K4EEU 

p. 58, 

Apr 

73 

First wireless in Alaska 





Printed-circuit boards, low-cost 




W6BLZ 

P 

48, 

Apr 

73 

W6CMQ 

p. 44, 

Aug 

71 

Ham Radio sweepstakes winners, 

1972 


Printed-circuit boards, practical 




W1NLB 

P- 

58, 

Jul 

72 

photofabrication of 




Ham Radio sweepstakes winners, 

1973 



Hutchinson 

P- 6, 

Sep 

71 

W1NLB 

P- 

68, 

Jul 

73 

Printed-circuit labels (HN) 




How to be DX 





WA4WDK 

P- 76, 

Oct 

70 

W4NXD 

P- 

58, 

Aug 68 

Printed circuit standards (HN) 




Nostalgia with a vengeance 





W6JVE 

p. 58, 

Apr 

74 

W6HDM 

P- 

28, 

Apr 

72 
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QSL return, statistics on 
WB6IUH 

Photographic illustrations 
WA4GNW 

Reminisces of old-time radio 
K4NW 

Secret society, the 
W4NXD 

Use your old magazines 
Foster 

What is it? 

WA1ABP 

Wireless Point Loma 
W6BLZ 


p. 50, Dec 68 
p. 72, Dec 69 
p, 40, Apr 71 
p. 82, May 68 
p, 52, Jan 70 
p, 84, May 68 
p, 54, Apr 69 


fm and repeaters 

Amateur vhf fm operation 

W6AYZ p. 36, Jun 68 

Antenna and control-link calculations 
for repeater licensing 

W7PUG p. 58, Nov 73 

Short circuit p. 59, Dec 73 

Antennas, simple, for two-meter fm 

WA3NFW p, 30, May 73 

Antenna, two-meter fm (HN) 

WB6KYE p. 64, May 71 

Antenna, 5 / 8 -wavelength, two-meter 

K6KLO p. 40, Jul 74 

Antenna, % wavelength two-meter, 
build from CB mobile whips (HN) 

WB4WSU p. 67, Jun 74 

Audio-amplifier and squelch unit 

W6AJF p. 36, Aug 68 

Automatically controlled access 
to open repeaters 

W8GRG p. 22, Mar 74 

Autopatch system for vhf fm repeaters 

W8GRG p. 32, Jul 74 

Base station, two-meter fm 

W9JTQ p. 22, Aug 73 

Carrier-operated relay 

K0PHF, WA0UZO p, 58, Nov 72 

Carrier-operated relay and call monitor 

VE4RE p. 22, Jun 71 

Cavity filter, 144-MHz 

W1SNN p. 22, Dec 73 

Channel scanner 

W2FPP p, 29, Aug 71 

Channels, three from two (HN) 

VE7ABK p. 68, Jun 71 

Collinear antenna for two meters, nine- 
element 

W6RJO p. 12, May 72 

Collinear array for two meters, 4-element 

WB6KGF p. 6, May 71 

Continuous tuning for fm converters (HN) 

W1DHZ p, 54, Dec 70 

Control head, customizing 

VE7ABK p. 28, Apr 71 

Deviation measurement (letter) 

K5ZBA p. 68, May 71 

Deviation measurements 

W3FQJ p. 52, Feb 72 

Deviation meter (HN) 

VE7ABK p, 58, Dec 70 

Distortion in fm systems 

W5JJ p. 26, Aug 69 

Encoder, combined digital and burst 

K8AUH p. 48, Aug 69 

Filter, 455-kHz for fm 

WA0JYK p. 22, Mar 72 

Fm demodulator, TTL 

W3FQJ p. 66, Nov 72 

Fm receiver frequency control (letter) 

W3AFN p. 65, Apr 71 

Fm techniques and practices for vhf amateurs 
W6SAI p. 8, Sep 69 

Snort circuit p. 79, Jun 70 


Fm transmitter, solid-state two-meter 

W6AJF p. 14, Jul 71 

Fm transmitter, Sonobaby, 2 meter 

WA0UZO p. 8, Oct 71 

Short Circuit p. 96, Dec 71 

Crystal deck for Sonobaby p. 26, Oct 72 

Frequency meter, two-meter fm 

W4JAZ p. 40, Jan 71 

Short circuit p, 72, Apr 71 

Frequency synthesizer, inexpensive 
all-channel, for two-meter fm 
W0OA p. 50, Aug 73 

Correction (letter) p. 65, Jun 74 

Frequency-synthesizer, one-crystal 
for two-meter fm 

W0MV p. 30, Sep 73 

Frequency synthesizer, for two-meter fm 

WB4FPK p. 34, Jul 73 

Identifier, programmable repeater 

W6AYZ p. 18, Apr 69 

Short circuit p. 76, Jul 69 

l-f system, multimode 

WA2IKL p. 39, Sep 71 

Indicator, sensitive rf 

WB9DNI p. 38, Apr 73 

Interference, scanning receiver (HN) 

K2YAH p. 70, Sep 72 

Logic oscillator for multi-channel 
crystal control 

W1SNN p. 46, Jun 73 

Mobile operation with the Touch-Tone pad 

W0LPQ p. 58, Aug 72 

Correction p. 90, Dec 72 

Modification (letter) p. 72, Apr 73 

Modulation standards for vhf fm 

W6TEE p. 16, Jun 70 

Monitor receivers, two-meter fm 

WB5EMI p, 34, Apr 74 

Motorola channel elements 

WB4NEX p. 32, Dec 72 

Motorola fm receiver mods (HN) 

VE4RE p. 60, Aug 71 

Motorola P-33 series, improving the 

WB2AEB p. 34, Feb 71 

Motorola voice commander, improving 

W0DKU p, 70, Oct 70 

Motrac Receivers (letter) 

K5ZBA p. 69, Jul 71 

Narrow-band fm system, using ICs in 

W6AJF p. 30, Oct 68 

Phase-locked loop, tunable, 28 and 
50 MHz 

W1KNI p. 40, Jan 73 

Power amplifier, rf 220-MHz fm 

K7JUE p. 6, Sep 73 

Power amplifier, rf, 144 MHz 

Hatchett p. 6, Dec 73 

Power amplifier, rf, 144-MHz fm 

W4CGC p. 6, Apr 73 

Power amplifier, two-meter fm, 10-watt 

W1DTY p. 67, Jan 74 

Power supply, regulated ac for mobile 
fm equipment 

WA8TMP p, 28, Jun 73 

Preamplifier, two-meter 

WA2GCF p* 25, Mar 72 

Preamplifier, two meter 

W8BBB p. 36, Jun 74 

Private-line, adding to Heath HW-202 

WA8AWJ p. 53, Jun 74 

Push-to-talk for Styleline telephones 

W1DRP p, 18, Dec 71 

Receiver for six and two meters, 
multichannel fm 

W1SNN p. 54, Feb 74 

Receiver for two meter, fm 

W9SEK p. 22, Sep 70 

Short circuit p. 72, Apr 71 

Receiver isolation, fm repeater (HN) 

W1DTY p. 54, Dec 70 
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p. 16, Jul 73 


p. 24, Oct 69 
p. 40, Nov 73 
p. 54, Oct 74 
p, 22, Feb 73 


p. 26, Nov 74 


Receiver, modular fm communications 

K8AUH p, 32. Jun 69 

Correction p. 71, Jan 70 

Receiver, modular, for two-meter fm 

WA2GBF p. 42, Feb 72 

Added notes p. 73, Jul 72 

Receiver performance, comparison of 

VE7ABK p, 68, Aug 72 

Receiver, tunable vhf fm 

K8AUH p. 34, Nov 71 

Receiver, vhf fm 

WA2GCF p. 6, Nov 72 

Receiver, vhf fm (letter) 

K8IHQ p. 76, May 73 

Relay, operational-amplifier, for 
Motorola receivers 

W6GDO p. 16, Jul 73 

Repeater control with simple timers 

W2FPP p. 46, Sep 72 

Correction p. 91, Dec 72 

Repeater decoder, multi-function 

WA6TBC p. 24, Jan 73 

Repeater installation 

W2FPP p, 24, Jun 73 

Repeater problems 

VE7ABK p. 38, Mar 71 

Repeater, receiving system degradation 

K5ZBA p. 36, May 69 

Repeater transmitter, improving 

W6GDO p. 24, Oct 69 

Repeaters, single-frequency fm 

W2FPP p. 40, Nov 73 

Reset timer, automatic 

W5ZHV p. 54, Oct 74 

Scanner, vhf receiver 

K2LZG p, 22, Feb 73 

Scanning receiver, improved 
for vhf fm 

WA2GCF p. 26, Nov 74 

Scanning receiver modifications, vhf fm 

WA5WOU p. 60, Feb 74 

Scanning receivers for two-meter fm 

K4IPV p. 28, Aug 74 

Sequential encoder, mobile fm 

W3JJU p. 34, Sep 71 

Sequential switching for Touch-Tone 
repeater control 

W8GRG p. 22, Jun 71 

S*meter for Clegg 27B (HN) 

WA2YUD p. 61, Nov 74 

Squelch-audio amplifier for 
fm receivers 

WB4WSU p. 68, Sep 74 

Telephone controller, automatic 
for your repeater 

K0PHF, WA0UZO p. 44, Nov 74 

Test set for Motorola radios 

K0BKD p. 12, Nov 73 

Short circuit p. 58, Dec 73 

Added note (letter) p. 64, Jun 74 

Timer, simple (HN) 

W3CIX p. 58, Mar 73 

Tone-burst generator (HN) 

K4COF p. 58, Mar 73 

Tone-burst keyer for fm repeaters 

W8GRG p, 36, Jan 71 

Tone encoder and secondary frequency 
oscillator (HN) 

K8AUH p. 66, Jun 69 

Touch-tone circuit, mobile 

K7QWR p, 50, Mar 73 

Touch-tone decoder, multi-function 

K0PHF, WA0UZO p. 14, Oct 73 

Touch-tone decoder, three-digit 

W6AYZ p. 37, Dec 74 

Transceiver for two-meter fm, compact 

W6AOI p. 36, Jan 74 

Transmitter for two meters, phase-modulated 
W6AJF p. 18, Feb 70 

Transmitter, two-meter fm 

W9SEK p. 6, Apr 72 


p. 22, Jun 71 
p. 61, Nov 74 


p. 68, Sep 74 


p. 44, Nov 74 

p. 12, Nov 73 
p. 58, Dec 73 
p. 64, Jun 74 

p. 58, Mar 73 

p, 58, Mar 73 


Tunable receiver modification 
for vhf fm 
WB6VKY 

Vertical antennas, truth about 
Ye wavelength 
K0DOK 

Whip, 5/8-wave, 144 MHz (HN) 
WE3DDD 

220 MHz frequency synthesizer 
W6GXN 


p. 40, Oct 74 


p. 48, May 74 
p. 70, Apr 73 
p. 8, Dec 74 


integrated circuits 

Amateur uses of the MC1530 1C 

W2EEY p. 42, May 68 

Amplifiers, broadband 1C 

W6GXN p. 36, Jun 73 

Applications, potpourri of 1C 

W1DTY, Thorpe p. 8, May 69 

Balanced modulator, an integrated-circuit 

K7QWR p. 6, Sep 70 

Counter gating sources 

K6KA p. 48, Nov 70 

Counter reset generator (HN) 

W3KBM p. 68, Jan 73 

Digital counters (letter) 

W1GGN p. 76, May 73 

Digital ICs, part I 

W3FQJ p. 41, Mar 72 

Digital ICs, part II 

W3FQJ p. 58, Apr 72 

Correction p, 66, Nov 72 

Digital mixers 

WB8IFM p* 42, Dec 73 

Digital multivibrators 

W3FQJ p. 42, Jun 72 

Digital oscillators and dividers 

W3FQJ p. 62, Aug 72 

Digital readout station accessory, part I 


K6KA 

Digital station accessory, part II 
K6KA 

Digital station accessory, part III 
K6KA 

Electronic counter dials, 1C 
K6KA 

Electronic keyer, cosmos 1C 
WB2DFA 
Short circuit 

Emitter-coupled logic 
W3FQJ 

Flip-flops 

W3FQJ 

Flop-flip, using (HN) 

W3KBM 

Function generator, 1C 
W1DTY 

Function generator, 1C 
K4DHC 

1C power (HN) 

W3KBM 

IC-regulated power supply for ICs 
W6GXN 

Integrated circuits, part I 
W3FQJ 

Integrated circuits, part II 
W3FQJ 

Integrated circuits, part III 
W3FQJ 

Logic families, 1C 
W6GXN 

Logic monitor (HN) 

WA5SAF 

Correction 

Logic test probe 
VE6RF 

Logic test probe (HN) 

Rossman 
Short circuit 


p. 6, Feb 72 

p. 50, Mar 72 

p* 36, Apr 72 

p, 44, Sep 70 

p. 6, Jun 74 
p. 62, Dec 74 

p. 62, Sep 72 

p. 60, Jul 72 

p. 60, Feb 72 

p, 40, Aug 71 

p. 22, Jun 74 

p. 68, Apr 72 

p. 28, Mar 68 

p. 40, Jun 71 

p. 58, Jul 71 

p. 50, Aug 71 

p. 26, Jan 74 

p. 70, Apr 72 
p< 91, Dec 72 

p. 53, Dec 73 

p. 56, Feb 73 
p, 58, Dec 73 
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Low-cost linear ICs 

WA7KRE p. 20, Oct 69 

Modular modules 

W9SEK p. 63, Aug 70 

Motorola MC1530 1C, amateur uses for 

W2EEY p. 42, May 68 

Multi-function integrated circuits 

W3FQJ p. 46, Oct 72 

National LM373, using in ssb transceiver 

W5BAA p. 32, Nov 73 

Operational amplifiers 

WB2EGZ p. 6, Nov 69 

Phase-locked loops, 1C 

W3FQJ p. 54, Sep 71 

Phase-locked loops, 1C, experiments with 

W3FQJ p. 58, Oct 71 

Plessey SL600-series ICs, how to use 

G8FNT p. 26, Feb 73 

Removing ICs (HN) 

W6NIF p, 71, Aug 70 

Ssb detector, 1C (HN) 

K40DS p. 67, Dec 72 

Correction (letter) p. 72, Apr 73 

Surplus ICs (HN) 

W4AYV p. 68, Jul 70 

Transceiver, 9-MHz ssb, 1C 

G3ZVC p. 34, Aug 74 

Using ICs in a nbfm system 

W6AJF p. 30, Oct 68 

Using ICs with single-polarity 
power supplies 

W2EEY p. 35, Sep 69 

Using integrated circuits (HN) 

W9KXJ p. 69, May 69 

Voltage regulators, 1C 

W7FLC p. 22, Oct 70 

Voltage-regulator ICs, three-terminal 

WB5EMI p. 26, Dec 73 

Added note (letter) p. 73, Sep 74 

Vtvm, convert to an 1C voltmeter 

K6VCI p. 42, Dec 74 


keying and control 

Break-in circuit, CW 

W8SYK p. 40, Jan 72 

Break-in control system, 1C (HN) 

W9ZTK p. 68, Sep 70 

Bug, solid state 

K2FV p. 50, Jun 73 

Carrier-operated relay 

K0PHF, WA0UZO p. 58, Nov 72 

Contest keyer (HN) 

K2UBC p. 79, Apr 70 

CW reception, enhancing through a 
simulated-stereo technique 
WA1MKP p. 61, Oct 74 

CW regenerator for interference-free 
communications 

Leward, WB2EAX p. 54, Apr 74 

Electronic hand keyer 

K5TCK p. 36, Jun 71 

Electronic keyer, cosmos 1C 

WB2DFA p. 6, Jun 74 

Short circuit p, 62, Dec 74 

Electronic keyer, 1C 

VE7BFK p. 32, Nov 69 

Electronic keyer notes (HN) 

ZL1BN p. 74, Dec 71 

Electronic keyer package, compact 

W4ATE p. 50, Nov 73 

Electronic keyer with random-access 
memory 

WB9FHC p. 6, Oct 73 

Correction (letter) p. 58, Dec 74 

Electronic keyers, simple 1C 

WA5TRS p. 38, Mar 73 

Grid-block keying, simple (HN) 

WA4DHU p. 78, Apr 70 


Key and vox clicks (HN) 

K6KA p. 74, Aug 72 

Keyboard electronic keyer, 
the code mill 

W6CAB p. 38, Nov 74 

Keying the Heath HG-10B vfo (HN) 

K4BRR p. 67, Sep 70 

Memo-key 

WA7SCB p. 58, Jun 72 

Mini-paddle 

K6RIL p. 46, Feb 69 

Morse sounder, radio controlled (HN) 

K6QEQ p. 66, Oct 71 

Oscillators, electronic keyer 

WA6JNJ p. 44, Jun 70 

Paddle, electronic keyer (HN) 

KL7EVD p. 68, Sep 72 

Paddle, homebrew keyer 

W3NK p. 43, May 69 

Push-to-talk for Styleline telephones 

W1DRP p. 18, Dec 71 

Relay activator (HN) 

K6KA p. 62, Sep 71 

Relays, surplus (HN) 

W20LU p. 70, Jul 70 

Relay, transistor replaces (HN) 

W3NK p. 72, Jan 70 

Relays, undervoltage (HN) 

W20LU p. 64, Mar 71 

Remote keying your transmitter (HN) 

WA3HOU p. 74, Oct 69 

Reset timer, automatic 

W5ZHV p. 54, Oct 74 

Sequential switching (HN) 

W50SF p. 63, Oct 72 

Solenoid rotary switches 

W2EEY p. 36, Apr 68 

Station control center 

W70E p. 26, Apr 68 

Step-start circuit, high-voltage (HN) 

W6VFR p. 64, Sep 71 

Suppression networks, arc (HN) 

WA5EKA p. 70, Jul 73 

Transistor switching for 
electronic keyers (HN) 

W3QBO p. 66, Jun 74 

Transmitter switching, solid-state 

W2EEY p. 44, Jun 68 

Typewriter-type electronic keys, 
further automation for 

W6PRO p. 26, Mar 70 

Vox and mox systems for ssb 

Belt p. 24, Oct 68 

Vox, 1C 

W2EEY p. 50, Mar 69 

Vox keying (HN) 

VE7IG p. 83, Dec 69 

Vox, versatile 

W9KIT p, 50, Jul 71 

Short circuit p. 96, Dec 71 


measurements and 
test equipment 

Ac power-line monitor 

W20LU p. 46, Aug 71 

AFSK generator, crystal-controlled 

K7BVT p. 13, Jul 72 

AFSK generator, phase-locked loop 

K7ZOF p, 27, Mar 73 

Amateur frequency measurements 

K6KA p, 53, Oct 68 

A-m modulation monitor, vhf (HN) 

K7UNL p, 67, Jul 71 

Antenna gain, measuring 

K6JYO p. 26, Jul 69 

Antenna matcher 

W4SD p. 24, Jun 71 
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Antenna and transmission line 



Fm deviation measurement (letter) 



measurement techniques 



K5ZBA 

p. 68, 

May 

71 

W40Q 

p. 36, May 

74 

Fm deviation measurements 




Beta master, the 



W3FQJ 

P- 52, 

Feb 

72 

K8ERV 

p. 18, Aug 

68 

Fm frequency meter, two-meter 




Bridge for antenna measurements, simple 


W4JAZ 

p. 40, 

Jan 

71 

W2CTK 

p. 34, Sep 

70 

Short circuit 

p. 72, 

Apr 

71 

Bridge, noise, for impedance measurements 


Frequencies, counted (HN) 




YA1GJM 

p. 62, Jan 

73 

K6KA 

p. 62, 

Aug 

74 

Added note (letter) 

p. 66, May 

74 

Frequency calibrator, general coverage 



Bridge, rf noise 



W5UQS 

p. 28, 

Dec 

71 

WB2EGZ 

p. 18, Dec 

70 

Frequency calibrator, how to design 



Calibrators and counters 



W3AEX 

P» 54, 

, Jul 

71 

K6KA 

p. 41, Nov 

68 

Frequency measurement of received 



Calibrator, plug-in 1C 



signals 




K6KA 

p. 22, Mar 

69 

W4AAD 

P- 38, 

Oct 

73 

Capacitance meter, digital 



Frequency meter, crystal controlled (HN) 



K4DHC 

p. 20, Feb 

74 

W5JSN 

P. 71, 

Sep 69 

Capacitance meter, direct-reading 


Frequency scaler, divide-by-ten 




2L2AUE 

p. 46, Apr 

70 

K4EEU 

p. 26, 

Aug 

70 

Capacitance meter, direct-reading 



Short circuit 

p. 72, 

Apr 

71 

W6MUR 

p. 48, Aug 

72 

Frequency scaler, divide-by-ten 




Short circuit 

p. 64, Mar 

74 

W6PBC 

P- 41, 

Sep 

72 

Capacitance meter, direct reading, for 


Correction 

p. 90, 

Dec 

72 

electrolytics 



Added comments (letter) 

P- 64, 

Nov 

73 

W9DJZ 

p. 14, Oct 

71 

Pre-scaler, improvements for 




Coaxial cable, checking (letter) 



W6PBC 

p. 30, 

Oct 

73 

W20LU 

p. 68, May 

71 

Frequency-shift meter, RTTY 




Coaxial-line loss, measuring with 

a 


VK3ZNV 

p. 33, 

Jun 

70 

reflectometer 



Frequency standard (HN) 




W2VCI 

p, 50, May 

72 

WA7JIK 

p. 69, 

Sep 72 

Converter, mosfet, for receiver 



Frequency standard, universal 




instrumentation 



K4EEU 

p. 40, 

Feb 

74 

WA9ZMT 

p. 62, Jan 

71 

Short circuit 

P- 72, 

May 

74 

Counter, compact frequency 



Frequency synthesizer, high-frequency 



K4EEU 

p. 16, Jul 

70 

K2BLA 

P- 16, 

Oct 

72 

Short circuit 

p. 72, Dec 

70 

Function generator, 1C 




Counter, digital frequency 



W1DTY 

p* 40, 

Aug 

71 

K4EEU 

p. 8, Dec 

68 

Function generator, tC 




Counter gating sources 



K4DHC 

p. 22, 

Jun 

74 

K6KA 

p. 48, Nov 

70 

Gdo, new use for 




Counter readouts, switching (HN) 



K2ZSQ 

p. 48, 

Dec 

68 

K6KA 

p. 66, Jun 

71 

Grid current measurement in 




Counter reset generator (HN) 



grounded-grid amplifiers 




W3KBM 

p. 68, Jan 

73 

W6SAI 

p. 64, 

Aug 68 

Counters: a solution to the readout problem 


Grid-dip oscillator, solid-state conversion 

of 


WA0GOZ 

p. 66, Jan 

70 

W6AJZ 

p. 20, 

Jun 

70 

CRT intensifier for RTTY 



Harmonic generator (HN) 




K4VFA 

p. 18, Jul 

71 

W5GDQ 

p. 76, 

Oct 

70 

Crystal checker 



l-f alignment generator 455-kHz 




W6GXN 

p. 46, Feb 

72 

WA5SNZ 

p. 50, 

Feb 

74 

Crystal test oscillator and signal 



l-f sweep generator 




generator 



K4DHC 

p. 10, 

Sep 

73 

K4EEU 

p. 46, Mar 

73 

Impedance bridge (HN) 




Crystal-controlled frequency markers (HN) 


W6KZK 

p. 67, 

Feb 

70 

WA4WDK 

p. 64, Sep 71 

Impedance bridge, low-cost RX 




Cubical quad measurements 



W8YFB 

p. 6, 

May 73 

W4YM 

p. 42, Jan 

69 

Impedance bridge, simple 




Curve master, the 



WA9QJP 

p. 40, 

Apr 68 

K8ERV 

p» 40, Mar 

68 

Impulse generator, pulse-snap 

diode 



Decade standards, economical (HN) 


Siegal, Turner 

p. 29, 

Oct 

72 

W4ATE 

p, 66, Jun 

71 

Indicator, sensitive rf 




Digital counters (letter) 



WB9DNI 

p. 38, 

Apr 

73 

W1GGN 

p. 76, May 

73 

Instrumentation and the ham 




Digital readout station accessory, 

part 1 


VE3GFN 

p. 28, 

Jul 

68 

K6KA 

p. 6, Feb 

72 

Intermodulation-distortion measurements 



Digital station accessory, part II 



on ssb transmitters 




K6KA 

p. 50, Mar 

72 

W6VFR 

p. 34, 

Sep 74 

Digital station accessory, part III 



Line-voltage monitor (HN) 




K6KA 

p. 36, Apr 

72 

WA8VFK 

p. 66, 

Jan 

74 

Dipper without plug in coils 



Logic monitor (HN) 




W6BLZ 

p. 64, May 

68 

WA5SAF 

p. 70, 

Apr 

72 

Dummy load and rf wattmeter, low-power 


Correction 

p. 91, 

Dec 

72 

W20LU 

p. 56, Apr 

70 

Logic test probe 




Dummy load low-power vhf 



VE6RF 

p. 53, 

Oec 

73 

WB9DNI 

p. 40, Sep 

73 

Logic test probe (HN) 




Dummy loads, experimental 



Rossman 

p. 56, 

Feb 

73 

W8YFB 

p. 36, Sep 

68 

Short circuit 

p. 58, 

Dec 

73 

Dynamic transistor tester (HN) 



Makeshift test equipment (HN) 




VE7ABK 

p. 65, Oct 

71 

W7FS 

p. 77, 

Sep 

68 

Electrolytic capacitors, measurement of (HN) 


Meter interface, high-impedance 




W2NA 

p. 70, Feb 

71 

Laughlin 

p. 20, 

Jan 

74 
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Meters, testing unknown (HN) 
W10NC 

Mini-spotter frequency checker 
W70E 

Monitorscope, miniature 
WA3FIV 

Monitorscope, RTTY 

w^rix 

Multi-box (HIM) 

W3KBM 

Multitester (HN) 

W1DTY 

Noise bridge, antenna (HN) 
K8EEG 


p. 66, Jan 71 
p. 48, May 68 
p. 34, Mar 69 
p. 36, Aug 72 
p. 68, Jul 69 
p. 63, May 71 


Noise-figure measurements for vhf 


p, 71, May 74 


p. 46, Aug 73 

p, 79, Aug 68 

p. 50, Feb 73 

p. 16, Apr 72 
p. 90, Dec 72 


WB6NMT p. 36, Jun 72 

Noise generator, 1296-MHz 

W3BSV p. 46, Aug 73 

Noise generators, using (HN) 

K2ZSQ p. 79, Aug 68 

Oscillator, audio 

W6GXN p. 50, Feb 73 

Oscillator, frequency measuring 

W6IEL p. 16, Apr 72 

Added notes p. 90, Dec 72 

Oscillator, two-tone, for ssb testing 

W6GXN p. 11, Apr 72 

Oscilloscope calibrator (HN) 

K4EEU p. 69, Jul 69 

Oscilloscope, putting it to work 

Allen p, 64, Sep 69 

Oscilloscope, troubleshooting amateur 
gear with 

Allen p. 52, Aug 69 

Oscilloscope voltage calibrator 

W6PBC p. 54, Aug 72 

Panoramic reception, simple 

W2EEY p. 14, Sep 68 

Peak envelope power, how to measure 

W5JJ p, 32, Nov 74 

Phase meter, rf 

VE2AYU, Korth p. 28, Apr 73 

Power meter, rf 

K8EEG p. 26, Oct 73 

Precision capacitor 

W4BRS p. 61, Mar 68 

Pre-scaler, vhf (HN) 

W6MGI p. 57, Feb 73 

Probe, sensitive rf (HN) 

W5JJ p. 61, Dec 74 

Receiver alignment 

Allen p. 64, Jun 68 

Reflectometers 

K1YZW p. 65, Dec 69 


W5JJ p, 32, Nov 74 

Phase meter, rf 

VE2AYU, Korth p. 28, Apr 73 

Power meter, rf 

K8EEG p. 26, Oct 73 

Precision capacitor 

W4BRS p. 61, Mar 68 

Pre-scaler, vhf (HN) 

W6MGI p. 57, Feb 73 

Probe, sensitive rf (HN) 

W5JJ p. 61, Dec 74 

Receiver alignment 

Allen p. 64, Jun 68 

Reflectometers 

K1YZW p. 65, Dec 69 

Regenerative detectors and a wideband amplifier 

W8YFB p. 61, Mar 70 

Repairs, thinking your way through 

Allen p, 58, Feb 71 

Resistance standard, simple (HN) 


W20LU 

Resistor decades, versatile 
W4ATE 

Rf current probe (HN) 

W6HPH 

Rf generator clip 
W1DTY 

Rf power meter, low-level 
W5WGF 

Rf signal generator, solid-state 
VE5FP 

RTTY monitor scope, solid-state 
WB2MPZ 

RTTY signal generator 
W72TC 
Short circuit 

RTTY test generator (HN) 

W3EAG 

RTTY test generator (HN) 

W3EAG 

Safer suicide cord (HN) 

K6JYO 


p. 65, Mar 71 

p. 66, Jul 71 

p. 76, Oct 68 

p. 58, Mar 68 

p. 58, Oct 72 

p. 42, Jul 70 

p. 33, Oct 71 

p. 23, Mar 71 
p. 96, Dec 71 

p. 67, Jan 73 

p. 59, Mar 73 

p. 64, Mar 71 


Sampling network, rf — the milii-tap 

W6QJW p. 34, Jan 73 

Signal generator, tone modulated for 
two and six meters 

WA80IK p. 54, Nov 69 

Signal generator wide range 

W6GXN p. 18, Dec 73 

Signal injection in ham receivers 

Allen p. 72, May 68 

Signal source for 432 and 1296 MHz 

K6RIL p. 20, Sep 68 

Signal tracing in ham receivers 

Allen p. 52, Apr 68 

Slow-scan tv test generator 

K4EEU p. 6, Jul 73 

Small-signal source for 144 and 432 MHz, stable 
K6JC p, 58, Mar 70 

S-meter readings (HN) 

W1DTY p. 56, Jun 68 

Spectrum analyzer, four channel 

W91A p. 6, Oct 72 

Spectrum analyzers, understanding 

WA5SNZ p. 50, Jun 74 

Ssb, signals, monitoring 

W6VFR p. 35, Mar 72 

Sweep generator, how to use 

Allen p , 60, Apr 70 

Sweep response curves for low-frequency i-f's 
Allen p. 56, Mar 71 

Switch-off flasher (HN) 

Thomas p, 64, Jul 71 

Swr bridge 

WB2ZSH p. 55, Oct 71 

Swr bridge and power meter, integrated 

W6DOB p. 40, May 70 

Swr bridge (HN) 

WA5TFK p. 66, May 72 

Swr bridge readings (HN) 

W6FPO p. 63, Aug 73 

Swr meter 

W6VSV p, 6 , Oct 70 

Swr meters, direct reading and expanded 
scale 

WA4WOK p. 28, May 72 

Correction p. 90, Dec 72 

Time-domain reflectometry, experimenter’s 
approach to 

WA0PIA p. 22, May 71 

Transconductance tester for fets 

W6NBI p, 44, Sep 71 

Transformer shorts 

W6BLZ p, 36, Jul 68 

Transistor and diode tester 

ZL2AMJ p. 65, Nov 70 

Transistor curve tracer 

WA9LCX p, 52, Jul 73 

Short circuit p. 63, Apr 74 

Transistor tester 

WA6NIL p. 48, Jul 68 

Transistor tester for leakage and gain 

W4BRS p. 68, May 68 

Transmitter tuning unit for the blind 

W9NTP p, 60, Jun 71 

Trapezoidal monitor scope 

VE3CUS p. 22, Dec 69 

Troubleshooting around fets 

Allen p. 42, Oct 68 

Troubleshooting by resistance 
measurement 

Allen p. 62, Nov 68 

Troubleshooting transistor ham gear 

Allen p. 64, Jul 68 

Uhf tuner tester for tv sets (HN) 

Schuler p. 73, Sep 69 

Vacuum tubes, testing high-power (HN) 

W20LU p, 64, Mar 72 

Vhf pre-scaler, improvements for 

W6PBC p, 30, Oct 73 

Voltmeter, improved transistor, part I 

Maddever p. 74, Apr 68 

Voltmeter, transistor, part II 

Maddever p. 60, Jul 68 
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Vom/vtvm, added uses for (HN) 



Fet biasing 


W7DI 

p. 67, Jan 

73 

W3FQJ 

p. 61, Nov 72 

Vtvm modification 



Filter preamplifiers for 50 and 144 

W6HPH 

p, 51, Feb 

69 

MHz, etched 


Vtvm, convert to an 1C voltmeter 



W5KHT 

p. 6, Feb 71 

K6VCI 

p, 42, Dec 

74 

Filters, active for direct-conversion receivers 

Wavemeter, indicating 



W7ZOI 

p. 12, Apr 74 

W6NIF 

p. 26, Dec 

70 

Fire extinguishers (letter) 

Short circuit 

p, 72, Apr 

71 

W5PGG 

p. 68, Juf 71 

Weak-signal source, stable, variable-output 


Freon danger (letter) 

K6JYO 

p. 36, Sep 

71 

WA5RTB 

p. 63, May 72 

WWV receiver, simple regenerative 


Fire protection 

WA5SNZ 

p. 42, Apr 

73 

Darr 

p. 54, Jan 71 

WWV-WWVH, amateur applications for 


Fire protection (letter) 


W3FQJ 

p. 53, Jan 

72 

K7QCM 

p. 62, Aug 71 

Zener tester, low-voltage (HN) 



Fm techniques 


K3DPJ 

p. 72, Nov 

69 

W6SAI 

p. 8, Sep 69 




Short circuit 

p. 79, Jun 70 

miscellaneous 



Frequency multipliers 

W6GXN 

p. 6, Aug 71 

technical 



Frequency multipliers, transistor 
W6AJF 

p. 49, Jun 70 




Frequency synchronization for scatter-mode 

Alarm, wet basement (HN) 



propagation 


W2EMF 

p. 68, Apr 

72 

K20VS 

p. 26, Sep 71 

Amateur anemometer 



Frequency synthesis 


W6GXN 

p. 52, Jun 

68 

WA5SKM 

p. 42, Dec 69 

Short circuit 

p. 34, Aug 

68 

Gamma-matching networks, how to design 

Antenna masts, design for pipe 



W7ITB 

p. 46, May 73 

W3MR 

p. 52, Sep 

74 

Glass semiconductors 

Antennas and capture area 



W1EZT 

p. 54, Jul 69 

K6MIO 

p, 42, Nov 

69 

Graphical network solutions 

Bandpass filter design 



W1NCK, W2CTK 

p. 26, Dec 69 

K4KJ 

p. 36, Dec 

73 

Gridded tubes, vhf-uhf effects 

Bandpass filters for 50 and 144 

MHz, 


W6UOV 

p. 8, Jan 69 

etched 



Grounding and wiring 

W5KHT 

p. 6, Feb 

71 

W1EZT 

p. 44, Jun 69 

Bandpass filters, single-pole 



Ground plow 

W6HPH 

p, 51, Sep 

69 

W1EZT 

p. 64, May 70 

Basic electronic units 

p. 18, Oct 


Harmonic output, how to predict 

W2DXH 

68 

Utne 

p, 34, Nov 74 

Batteries, selecting for portable equipment 


Heatsink problems, how to solve 

WB0AIK 

p. 40, Aug 

73 

WA5SNZ 

p. 46, Jan 74 

Broadband amplifier, wide-range 



Hybrids and couplers, hf 

W6GXN 

p. 40, Apr 

74 

W2CTK 

p. 57, Jul 70 

Bypassing, rf, at uhf 



Short circuit 

p. 72, Dec 70 

WB6BHI 

p, 50, Jan 

72 

Impedance-matching systems, designing 

Capacitors, oil-filled (HN) 



W7CSD 

p. 58, Jul 73 

W20LU 

p. 66, Dec 

72 

Inductors, how to use ferrite and 

Clock, 24-hour digital 

p. 51, Apr 


powdered-iron for 


K4ALS 

70 

W6GXN 

p. 15, Apr 71 

Short circuit 

p, 76, Sep 

70 

Correction 

p. 63, May 72 

Coil-winding data, vhf and uhf 



Infrared communications (letter) 


K3SVC 

p. 6, Apr 

71 

K20AW 

p. 65, Jan 72 

Communications receivers, designing 


Injection lasers (letter) 

for strong-signal performance 



Mims 

p. 64, Apr 71 

Moore 

p, 6, Feb 

73 

Injection lasers, high power 


Computer-aided circuit analysis 


70 

Mims 

p. 28, Sep 71 

KIORV 

p. 30, Aug 

Integrated circuits, part 1 


Converting vacuum tube equipment to 


W3FQJ 

p. 40, Jun 71 


solid-state 

W2EEY p. 30, Aug 68 

Converting wavelength to inches (HN) 

WA6SXC p. 56, Jun 68 

Current flow?, which way does 

W2DXH p. 34, Jul 68 

Digital mixer, introduction 

WB8IFM p. 42, Dec 73 

Digital readout system, simplified 

W60IS p. 42, Mar 74 

Double-balanced mixers 

W1DTY p. 48, Mar 68 

Double-balanced modulator, broadband 

WA6NCT p. 8, Mar 70 

Earth currents (HN) 

W70UI P- 80, Apr 70 

Effective radiated power (HN) 

VE7CB p. 72, May 73 

Ferrite beads 

W5JJ p. 48, Oct 70 

Ferrite beads, how to use 

KIORV p. 34, Mar 73 


Integrated circuits, part II 

W3FQJ p. 58, Jul 71 

Integrated circuits, part HI 

W3FQJ p. 50, Aug 71 

Intermittent voice operation of power 
tubes 

W6SAI p. 24, Jan 71 

Isotropic source and practical antennas 

K6FD p. 32, May 70 

Laser communications 

W4KAE p. 28, Nov 70 

LED experiments 

W4KAE p. 6, Jun 70 

Lighthouse tubes for uhf 

W6UOV p. 27, Jun 69 

Local-oscillator waveform effects 
on spurious mixer responses 
Robinson, Smith p. 44, Jun 74 

Lowpass filters for solid-state linear amplifiers 
WA0JYK p. 38, Mar 74 

Short circuit p. 62, Dec 74 
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L-networks, how to design 


Rating tubes for linear amplifier 


W7LR 

p. 26, 

Feb 

74 

service 





Short circuit 

P- 62, 

Dec 

74 

W6UOV, W6SAI 

P- 

50, 

Mar 

71 

Lunar-path nomograph 



Reactance problems, nomograph for 




WA6NCT 

p. 28, 

Oct 

70 

W6NIF 

p. 

51, 

Sep 

70 

Marine installations, amateur, on 

small boats 


Resistor performance at high frequencies 


W3MR 

p. 44, 

Aug 

74 

KIORV 

P* 

36, 

Oct 

71 

Microwaves, getting started in 




Resistors, frequency sensitive (HN) 




Roubal 

p. 53, 

Jun 

72 

W8YFB 

P- 

54, 

Dec 

70 

Microwaves, Introduction 




Resistors, frequency sensitive (letter) 




W1CBY 

p. 20, 

Jan 

72 

W5UHV 

P- 

68, 

, Jul 

71 

Mini-mobile 




Rf power-detecting devices 





K9UQN 

p- 58, 

Aug 

71 

K6JYO 

P- 

28, 

Jun 

70 

Mismatched transmitter loads, affect of 



Rf power transistors, how to use 





WSJ J 

p. 60, 

Sep 

69 

WA7KRE 

P 

. 8, 

Jan 

70 

Mnemonics 




Safety in the ham shack 





W6NIF 

p. 69, 

Dec 

69 

Darr, James 

P- 

44, 

Mar 

69 

More electronic units 




Satellite communications, first step 

to 



W1EZT 

p. 56, 

Nov 

68 

K1MTA 

P* 

52, 

Nov 

72 

Multi-function integrated circuits 




Added notes (letter) 

p. 

73, 

Apr 

73 

W3FQJ 

P- 46, 

Oct 

72 

Satellite signal polarization 





Networks, transmitter matching 




KH6IJ 

p. 6, 

Dec 

72 

W6FFC 

p. 6, 

Jan 

73 

Signal detection and communication 




Neutralizing small-signal amplifiers 



in the presence of white noise 





WA4WDK 

P- 40, 

Sep 

70 

WB6IOM 

P- 

16, 

Feb 

69 

Noise figure, meaning of 




Silver/silicone grease (HN) 





K6MIO 

p. 26, 

Mar 

69 

W6DDB 

P- 

63, 

May 

71 

Operational amplifiers 




Single-tuned interstage networks, 





WB2EGZ 

p. 6, 

Nov 

69 

designing 





Phase detector, harmonic 




K6ZGQ 

P* 

59, 

Oct 

68 

W5TRS 

p. 40, 

Aug 

74 

Smith chart, how to use 





Phase-locked loops, 1C 




W1DTY 

p. 

16, 

Nov 

70 

W3FQJ 

P- 54, 

Sep 

71 

Correction 

p. 

76, 

Dec 

71 

Phase-locked loops, 1C, experiments with 



Solar activity, aspects of 





W3FQJ 

p. 58, 

Oct 

71 

K3CHP 

P- 

21, 

Jun 

68 

Phase-shift networks, design criteria for 



Solar energy 





G3NRW 

p. 34, 

Jun 

70 

W3FQJ 

P- 

54, 

, Jul 

74 

Pi and pi-L networks 




Speech clippers, rf, performance 

of 




W6SAI 

p. 36, 

Nov 

68 

G6XN 

P- 

26, 

Nov 

72 


Pi network design 

W6FFC p. 6, Sep 72 

Pi network inductors (letter) 

W7IV p. 78, Dec 72 

Pi networks, series-tuned 

W2EGH p. 42, Oct 71 

Power amplifiers, high-efficiency rf 

WB8LQK p. 8, Oct 74 

Power dividers and hybrids 

W1DAX p. 30, Aug 72 

Power supplies, survey of solid-state 

W6GXN p. 25, Feb 70 

Power, voltage and impedance nomograph 

W2TQK p. 32, Apr 71 

Printed-circuit boards, photofabrication 
of 

Hutchinson p. 6, Sep 71 

Programmable calculator simplifies 
antenna design (HN) 

W3DVO p, 70, May 74 

Proportional temperature control for crystal 
ovens 

VE5FP p. 44, Jan 70 

Pulse-duration modulation 

W3FQJ p. 65, Nov 72 

Q factor, understanding 

W5JJ p, 16, Dec 74 

QRP operation 

W70E p. 36, Dec 68 

Radio communications links 

W1EZT p. 44, Oct 69 

Radio observatory, vhf 

Ham p. 44, Jul 74 

Radio-frequency interference 

WA3NFW p. 30, Mar 73 

Radiotelegraph translator and transcriber 

W7CUU, K7KFA p. 8, Nov 71 

Eliminating the matrix 

KH6AP p. 60, May 72 

Ramp generators 

W6GXN p. 56, Dec 68 


Square roots, finding (HN) 

K9DHD p. 67, Sep 73 

Increased accuracy (letter) p. 55, Mar 74 

Standing-wave ratios, importance of 

W2HB p. 26, Jul 73 

Correction (letter) p, 67, May 74 

Stress analysis of antenna systems 

W2FZJ p. 23, Oct 71 

Tetrodes, external-anode 

W6SAi p. 23, Jun 69 

Thermoelectric power supplies 

K1AJE p. 48, Sep 68 

Thermometer, electronic 

VK3ZNV p. 30, Apr 70 

Three-phase motors (HN) 

W6HPH p. 79, Aug 68 

Thyristors, introduction to 

WA7KRE p. 54, Oct 70 

Toroids, calculating inductance of 

WB9FHC p. 50, Feb 72 

Toroids, plug-in (HN) 

K8EEG p. 60, Jan 72 

Transistor amplifiers, tabulated 
characteristics of 

W5JJ p. 30, Mar 71 

Tuning, Current-controlled 

K2ZSQ p. 38, Jan 69 

TV sweep tubes in linear service, 
full-blast operation of 

W6SAI, W60UV p. 9, Apr 68 

Vacuum-tube amplifiers, tabulated 
characteristics of 

W5JJ p. 30, Mar 71 

Warning lights, increasing reliability of 

W3NK p. 40, Feb 70 

Wind direction indicator, digital 

W6GXN p. 14, Sep 68 

Wind loading on towers and antenna 

structures, how to calculate 
K4KJ p. 16, Aug 74 

Y parameters, using in rf amplifier design 

WA0TCU p. 46, Jul 72 
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operating 


Beam antenna headings 


W6FFC 

p. 64, 

Apr 

71 

Code practice stations (letter) 
WB4LXJ 

p. 75, 

Dec 

72 

Code practice — the rf way 
WA4NED 

p. 65, 

Aug 

68 

Code practice (HN) 

W20UX 

p. 74, 

May 

73 

Computers and ham radio 

W5TOM 

p. 60, 

Mar 

69 

CW monitor 

W2EEY 

p. 46, 

Aug 

69 

CW monitor and code-practice osc 
K6RIL 

illator 
p. 46, 

Apr 

68 

CW monitor, simple 

WA90HR 

p. 65, 

Jan 

71 

CW transceiver operation with 
transmit-receive offset 

W1DAX 

p. 56, 

Sep 

70 

DXCC check list, simple 

W2CNQ 

p. 55, 

Jun 

73 

Fluorescent light, portable (HN) 
K8BYO 

p. 62, 

Oct 

73 

Great-circle charts (HN) 

K6KA 

p. 62, 

Oct 

73 

How to be DX 

W4NXD 

p. 58, 

Aug 

68 

Identification timer (HN) 

K9UQN 

p. 60, 

Nov 

74 

Magazines, use your old 

Foster 

p. 52, 

Jan 

70 

Morse code, speed standards for 
VE2ZK 

p. 68, 

Apr 

73 

Added note (letter) 

p. 68, 

Jan 

74 

Protective material, plastic (HN) 
W6BKX 

p. 58, 

Dec 

70 

QSL return, statistics on 

WB6IUH 

p. 60, 

Dec 

68 

Replays, instant (HN) 

W6DNS 

p. 67, 

Feb 

70 

Sideband location (HN) 

K6KA 

p. 62, 

Aug 

73 

Spurious signals (HN) 

K6KA 

p. 61, 

Nov 

74 

Tuning with ssb gear 

W0KD 

P- 40, 

Oct 

70 

Zulu time (HN) 

K6KA 

p. 58, 

Mar 

73 

oscillators 

AFSK oscillator, solid-state 
WA4FGY 

p. 28, 

Oct 

68 

Blocking oscillators 

W6GXN 

p. 45, 

Apr 

69 

Clock oscillator, TTL (HN) 

W9ZTK 

p. 56, 

Dec 

73 

Crystal oscillator, frequency adjustment of 


W9ZTK 

p. 42, 

Aug 

72 

Crystal oscillator, high stability 
W6TNS 

p. 36, 

Oct 

74 

Crystal oscillator, miniature 
W6DOR 

p. 68, 

Dec 

68 

Crystal oscillators 

W6GXN 

p. 33, 

Jui 

69 

Crystal switching (HN) 

K6 LZM 

p. 70, 

Mar 

69 

Crystal test oscillator and signal 
generator 

K4EEU 

p. 46, 

Mar 

73 

Crystals, overtone (HN) 

G8ABR 

p. 72, 

Aug 

72 

Local oscillator, phase locked 
VE5FP 

p. 6, 

Mar 

71 

Monitoring oscillator 

W2JIO 

p. 36, 

Dec 

72 

Multivibrator, crystal-controlled 
WN2MQY 

p. 65, 

Jul 

71 


Oscillator, audio, 1C 


W6GXN 

Oscillator, electronic keyer 

P- 

50, 

Feb 

73 

WA6JNJ 

Oscillator, Franklin (HN) 

P- 

44, 

Jun 

70 

W5JJ 

Oscillator, frequency measuring 

P- 

61, 

Jan 

72 

W6IEL 

P- 

16, 

Apr 

72 

Added notes 

P- 

90, 

Dec 

72 

Oscillator-monitor, audio 

WA1JSM 

Oscillator, phase-locked 

P- 

48, 

Sep 

70 

VE5FP 

P 

- 6, 

Mar 

71 

Oscillator, two-tone, for ssb testing 




W6GXN 

Oscillators (HN) 

P- 

11, 

Apr 

72 

W1DTY 

P- 

68, 

Nov 

69 

Oscillators, cure for cranky (HN) 
W8YFB 

Oscillators, repairing 

P- 

55, 

Dec 

70 

Allen 

P* 

69, 

Mar 

70 

Oscillators, resistance-capacitance 




W6GXN 

Oscillators, ssb 

P- 

18, 

Jul 

72 

Belt 

P. 

26, 

Jun 

68 

Overtone oscillator (HN) 

W5UQS 

Quartz crystals (letter) 

P- 

77, 

Oct 

68 

WB2EGZ 

Vco, crystal-controlled 

P- 

74, 

Dec 

72 

WB6IOM 

P- 

58, 

Oct 

69 

Vfo buffer amplifier (HN) 

W3QBO 

Vfo, digital readout 

p. 

66, 

Jul 

71 

WB8IFM 

Vfo for solid-state transmitters 

P* 

14, 

Jan 

73 

W3QBO 

Vfo, high stability 

P- 

36, 

Aug 

70 

W8YFB 

P- 

14, 

Mar 

69 

Vfo, high-stability, vhf 

OH2CD 

Vfo, multiband fet 

P- 

27, 

Jan 

72 

K8EEG 

P* 

39, 

Jul 

72 

Vfo, stable 

K4BGF 

Vfo, stable transistor 

P 

• 8, 

Dec 

71 

W1DTY 

P- 

14, 

Jun 

68 

Short circuit 

P- 

34, 

Aug 68 

Vfo transistors (HN) 

WIOOP 

Vxo design, practical 

P- 

74, 

Nov 

69 

K6BIJ 

P- 

22, 

Aug 70 

455-kHz bfo, transistorized 





W6BLZ, K5GXR 

P- 

12, 

Jul 

68 

power supplies 





Ac power supply, regulated, for mobil 

le 



fm equipment 

WA8TMP 

P- 

28, 

Jun 

73 

Arc suppression networks (HN) 





WA5EKA 

P- 

70, 

Jul 

73 

Batteries, selecting for portable equipment 


WB0AIK 

P- 

40, 

Aug 

73 

Battery drain, auxiliary, guard for (HN) 



W1DTY 

Battery power 

P- 

74, 

Oct 

74 

W3FQJ 

P- 

56, 

Aug 

74 

Current limiting (HN) 

W0LPQ 

Current limiting (letter) 

P- 

70, 

Dec 

72 

K5MKO 

P- 

66, 

Oct 

73 

Diodes for power supplies, choosing 




W6BLZ 

Diode surge protection (HN) 

P- 

38, 

Jul 

68 

WA7LUJ 

P- 

65, 

Mar 

72 

Added note 

P- 

77, 

Aug 72 

Dual-voltage power supply (HN) 





WIOOP 

P- 

71, 

Apr 

69 

Short circuit 

P- 

80, 

Aug 69 
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Dual-voltage power supply (HN) 

W5JJ p. 68, Nov 71 

Filament transformers, miniature 

Bailey p. 66, Sep 74 

High-power trouble shooting 

Allen p. 52, Aug 68 

1C power (HN) 

W3KBM p. 68, Apr 72 

1C regulated power supply 

W2FBW p. 50, Nov 70 

1C regulated power supply 

W9SEK p. 51, Dec 70 

1C regulated power supply for ICs 

W6GXN p. 28, Mar 68 

Short circuit p. 80, May 68 

Klystrons, reflex power for (HN) 

W6BPK p. 71, Jul 73 

Line transient protection (HN) 

W1DTV p. 75, Jul 68 

Line-voltage monitor (HN) 

WA8VFK p. 66, Jan 74 

Load protection, scr (HN) 

W50ZF p. 62, Oct 72 

Low-value voltage source (HN) 

WA5EKA p. 66, Nov 71 

Low-voltage supply with short-circuit 
Protection 

WB2EGZ p. 22, Apr 68 

Low-voltage supply (HN) 

WB2EGZ p. 57, Jun 68 

Meter safety (HN) 

W6VFR p. 68, Jul 72 

Mobile power supplies, troubleshooting 

Allen p. 56, Jun 70 

Mobile power supply (HN) 

WN8DJV p. 79, Apr 70 

Mobile supply, low-cost (HN) 

W4GEG p. 69, Jul 70 

Motorola Dispatcher, converting to 
12 volts 

WB6HXU p. 26, Jul 72 

Operationa/ power supply 

WA2IKL p. 8, Apr 70 

Pilot-lamp life (HN) 

W20LU p. 71, Jul 73 

Polarity inverter, medium current 

Laughlin p. 26, Nov 73 

Power supplies for single sideband 

Beit p. 38, Feb 69 

Power-supply hum (HN) 

W8YFB p. 64, May 71 

Power supply, improved (HN) 

W4ATE p. 72, Feb 72 

Power supply, precision 

W7SK p. 26, Jul 71 

Power supply protection for your solid-state 
circuits 

W5JJ p. 36, Jan 70 

Precision voltage supply for 

phase-locked terminal unit (HN) 

WA6TLA p. 60, Jul 74 

Protection for solid-state power supplies (HN) 
W3NK p, 66, Sep 70 

Rectifier, half-wave, improved 

Bailey p, 34, Oct 73 

Regulated 5-volt supply (HN) 

W6UNF p. 67, Jan 73 

SCR-regulated power supplies 

W4GOC p. 52, Jul 70 

Solar energy 

W3FQJ p. 54, Jul 74 

Solar power 

W3FQJ p. 52, Nov 74 

Step-start circuit, high-voftage (HN) 

W6VFR p. 64, Sep 71 

Storage-battery QRP power 

W3FQJ p. 64, Oct 74 

Survey of solid-state power supplies 

W6GXN p. 25, Feb 70 

Short circuit p. 76, Sep 70 

Thermoelectric power supplies 

K1AJE p. 48, Sep 68 


Transformers, high-voltage, repairing 

W6NIF p. 66 Mar 69 

Transformer shorts 

W68LZ p. 36, Jul 68 

Transformers, miniature (HN) 

W4ATE p. 67, Jul 72 

Transients, reducing 

W5JJ p. 50, Jan 73 

Vibrator replacement, solid-state (HN) 

K8RAY p. 70, Aug 72 

Voltage regulators, 1C 

W7FLC p. 22, Oct 70 

Voltage-regulator ICs, three-terminal 

WB5EMI p. 26, Dec 73 

Added note (letter) p. 73, Sep 74 

Zener diodes (HN) 

K3DPJ p. 79, Aug 68 


propagation 


Artificial radio aurora, scattering 
characteristics of 

WB6KAP p. 18, Nov 74 

Echoes, long delay 

WB6KAP p. 61, May 69 

Ionospheric E-layer 

WB6KAP p. 58, Aug 69 

Ionospheric science, short history of 

WB6KAP p, 58, Jun 69 

Long-distance high frequency communications 
WB6KAP p. 80, Jul 68 

Maximum usable frequency, predicting 

WB6KAP p. 70, Sep 68 

Quiet sun, the 


WB6KAP p. 76, Dec 68 

Scatter-mode propagation, frequency 
synchronization for 

K20VS p. 26, Sep 71 

Solar cycle 20, vhfer's view of 

WA5IYX p. 46, Dec 74 

Sunspot numbers 

WB6KAP p. 63, Jul 69 

Sunspot numbers, smoothed 


WB6KAP 

Sunspots and solar activity 


p. 72, Nov 68 


WB6KAP p. 60, Jan 69 

Tropospheric-duct vhf communications 

WB6KAP p. 68, Oct 69 

6-meter sporadic-E openings, predicting 

WA9RAQ p. 38, Oct 72 

Added note (letter) p. 69, Jan 74 


receivers and 
converters 

general 

Antenna impedance transformer for 
receivers (HN) 

W6NIF p. 70, Jan 70 

Antenna tuner, miniature receiver (HN) 

WA7KRE p, 72, Mar 69 

Anti QRM methods 

W3FQJ p. 50, May 71 

Attenuation pads, receiving (letter) 

K0HNQ p. 69, Jan 74 

Audio age amplifier 

WA5SNZ p. 32, Dec 73 

Audio age principles and practice 

WA5SNZ p. 28, Jun 71 

Audio amplifier and squelch circuit 

W6AJF p. 36, Aug 68 

Audio filter for CW, tunable 

WA1JSM p. 34, Aug 70 

Audio filter-frequency translator for CW 
reception 

W2EEY p. 24, Jun 70 

Audio filter mod (HN) 

K6HIU p. 60, Jan 72 


decern ber 1974 Q3 123 



Audio filter, simple 


Intelligibility of communications receivers, 


W4NVK 

P- 

44, 

Oct 

70 

improving 





Audio-filters, inexpensive 





WA5RAQ 

P- 

53, 

Aug 

70 

W8YFB 

P* 

24, 

Aug 

72 

Interference, electric fence 





Audio filter, tunable peak-notch 





K6KA 

P- 

. 68, 

, Jul 

72 

W2EEY 

P- 

22, 

Mar 

70 

Interference, rf 





Audio filter, variable bandpass 





W1DTY 

P* 

12, 

Dec 

70 

W3AEX 

P- 

36, 

Apr 

70 

Local oscillator, phase-locked 





Audio module, complete 





VE5FP 

P- 6, 

Mar 

71 

K4DHC 

P- 

18, 

Jun 

73 

Local-oscillator waveform effects 





Batteries, how to select for portable 




on spurious mixer responses 





equipment 





Robinson, Smith 

P- 

44, 

Jun 

74 

WA0AIK 

P- 

40, 

Aug 

73 

Noise blanker 





Calibrator crystals (HN) 





K4DHC 

p. 

38, 

Feb 

73 

K6KA 

P- 

66, 

Nov 

71 

Noise blanker, hot-carrier diode 





Calibrator, plug-in frequency 





W4KAE 

P> 

16, 

Oct 

69 

K6KA 

P- 

22, 

Mar 

69 

Short circuit 

P- 

76, 

Sep 

70 

Calibrator, simple frequency-divider 




Noise blanker, 1C 





using mos ICs 





W2EEY 

P- 

52, 

May 

69 

W6GXN 

P- 

30, 

Aug 

69 

Short circuit 

P- 

79, 

Jun 

70 

Communications receivers, design 

ideas for 


Noise figure, the real meaning of 





Moore 

P- 

12, 

Jun 

74 

K6MIO 

p. 

26, 

Mar 

69 

Communications receivers, designing 




Panoramic reception, simple 





for strong-signal performance 





W2EEY 

P* 

14, 

Oct 

68 

Moore 

P 

. 6, 

Feb 

73 

Phase-shift networks, design criteria 




Converting a vacuum-tube receiver 

■ to 




G3NRW 

P* 

34, 

Jun 

70 

solid-state 





Product detector, hot-carrier diode 





WIOOP 

P* 

26, 

Feb 

69 

VE3GFN 

P< 

12, 

Oct 

69 

Counter dials, electronic 





Radio-direction finder 





K6KA 

p. 

44, 

Sep 

70 

W6JTT 

P- 

38, 

Mar 

70 

CW filter, adding (HN) 





Radio-frequency interference 





W2QUX 

P« 

66, 

Sep 

73 

WA3NFW 

p. 

30, 

Mar 

73 

CW monitor, simple 





Radiotelegraph translator and transcriber 


WA90HR 

P- 

65, 

Jan 

71 

W7CUU, K7KFA 

P. 

8, 

Nov 

71 

CW processor for communications 

receivers 


Eliminating the matrix 





W6NRW 

P- 

17, 

Oct 

71 

KH6AP 

P- 

60, 

May 

72 

CW reception, enhancing through a 




Receiver impedance matching (HN) 




simulated-stereo technique 





W0ZFN 

P- 

79, 

Aug 

68 

WA1MKP 

P- 

61, 

Oct 

74 

Receiving RTTY, automatic frequency 




CW reception, noise reduction for 





control for 





W2ELV 

P- 

52, 

Sep 

73 

W5NPO 

P- 

50, 

Sep 

71 

CW regenerator for interference-free 




Reciprocating detector converter 





communications 





W1SNN 

P- 

58, 

Sep 74 


Leward, Libenschek p. 54, Apr 74 

CW selectivity with crystal bandpassing 

W2EEY p. 52, Jun 69 

CW transceiver operation with transmit-receive 
offset 

W1DAX p. 56, Sep 70 

Detector, reciprocating 

W1SNN p. 32, Mar 72 

Added notes (letter) p. 54, Mar 74 

Detector, superregenerative, optimizing 

Ring p. 32, Jul 72 

Detectors, ssb 

Belt p. 22, Nov 68 

Diversity receiving system 

W2EEY p. 12, Dec 71 

Filter, vari-Q 

W1SNN p. 62, Sep 73 

Frequency calibrator, how to design 

W3AEX p. 54, Jul 71 

Frequency calibrator, receiver 

W5UQS p. 28, Dec 71 

Frequency measurement of received 
signals 

W4AAD p, 38, Oct 73 

Frequency spotter, general coverage 

W5JJ p. 36, Nov 70 

Frequency standard (HN) 

WA7JIK p. 69, Sep 72 

Frequency standard, universal 

K4EEU p. 40, Feb 74 

Short circuit p. 72, May 74 

Hang age circuit for ssb and CW 

W1ERJ p, 50, Sep 72 

l-f cathode jack 

W6HPH p. 28, Sep 68 

J-f system, mu/t/mode 

WA2IKL p, 39, Sep 71 

Image suppression (HN) 

W6NIF p. 68, Dec 72 


p. 42, Sep 74 
p. 56, Jun 68 
p. 68, Jan 74 
p. 6, Oct 72 
p. 52, Apr 72 
p. 36, Mar 72 


Rf amplifiers for communications receivers 
Moore 

S-meter readings (HN) 

W1DTY 

Selectivity, receiver (letter) 

K42ZV 

Spectrum analyzer, four channel 
W9IA 

Squelch, audio-actuated 
K4MOG 

Ssb signals, monitoring 
W6VFR 

Superregenerative detector, optimizing 

Ring p. 32, Jul 72 

Superregenerative receiver, improved 

JA1BHG p. 48, Dec 70 

Threshold-gate/limiter for CW reception 

W2ELV p, 46, Jan 72 

Added notes (letter) 

W2ELV p. 59, May 72 

Weak signal reception in CW receivers 

ZS6BT p, 44, Nov 71 


high-frequency receivers 

Bandpass tuning, electronic, in the 
Drake R-4C 

Horner p. 58, Oct 73 

BC-603 tank receiver, updating the 

WA6IAK p. 52, May 68 

BC-1206 for 7 MHz, converted 

W4FIN p. 30, Oct 70 

Short circuit p. 72, Apr 71 

Collins 75A4 hints (HN) 

W6VFR p. 68, Apr 72 

Collins 75A-4 modifications (HN) 

W4SD p. 67, Jan 71 
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Communications receiver, five band 

K6SDX p. 6, Jun 72 

Communications receiver for 80 
meters, 1C 

VE3ELP p. 6, Jul 71 

Communications receiver, micropower 

WB9FHC p. 30, Jun 73 

Short circuit p. 58, Dec 73 

Communications receiver, miniaturized 

K4DHC p. 24, Sep 74 

Companion receiver, all-mode 

W1SNN p. 18, Mar 73 

Converter, hf, solid-state 

VE3GFN p. 32, Feb 72 

Converter, tuned very low-frequency 

OH2KT p. 49, Nov 74 

Direct-conversion receivers 

W3FQJ p. 59, Nov 71 

Direct-conversion receivers, improved 
selectivity 

K6BIJ p. 32, Apr 72 

Direct-conversion receivers, 
simple active filters for 

W7ZOI p. 12, Apr 74 

ESSA weather receiver 

W6GXN p. 36, May 68 

Fet converter, bandswitching, for 

40, 20, 15 and 10 (VE3GFN) p. 6, Jul 68 
postscript p. 68, May 69 

Fet converter for 10 to 40 meters, second- 
generation 

VE3GFN p. 28, Jan 70 

Short circuit p. 79, Jun 70 

Frequency synthesizer for the Drake R-4 

W6NBI p. 6, Aug 72 

Modification (letter) p. 74, Sep 74 

Gonset converter, solid-state modification of 
Schuler P* 58, Sep 69 

Hammarlund HQ215, adding 160-meter 
coverage 

W2GHK p. 32, Jan 72 

Heath SB-650 frequency display, using 
with other receivers 

K2BYM p. 40, Jun 73 

Incremental tuning to your 
transceiver, adding 

VE3GFN p. 66, Feb 71 

Monitoring oscillator 

W2JIO p. 36, Dec 72 

Outboard receiver with a transceiver 

W1DTY p. 12, Sep 68 

Outboard receiver with the SB-100, 
using an (HN) 

K4GMR p. 68, Feb 70 

Overload response in the Collins 75A-4 
receiver, improving 

W6ZO p< 42, Apr 70 

Short circuit p. 76, Sep 70 

Phasing-type ssb receiver 

WA0JYK p. 6, Aug 73 

Short circuit p» 58, Dec 73 

Added note (letter) p. 63, Jun 74 

Preamplifier , emitter-tuned, 21 MHz 

WA5SNZ p. 20, Apr 72 

Preamplifier, low-noise high-gain transistor 

W2EEY p. 66, Feb 69 

Preselector, general-coverage (HN) 

W50ZF p. 75, Oct 70 

Q5er, solid-state 

W5TKP p. 20, Aug 69 

Receiver incremental tuning for the 
Swan 350 (HN) 

K1KXA p. 64, Jul 71 

Receiver, reciprocating detector 

W1SNN p. 44, Nov 72 

Correction (letter) p. 77, Dec 72 

Receiver, versatile solid-state 

W1PU p. 10, Jul 70 

Receiving RTTY with Heath SB receivers (HN) 
K9HVW p. 64, Oct 71 


Rf amplifiers, selective 

K6BIJ p. 58, Feb 72 

Regenerative detectors and a wideband 
amplifier for experimenters 
W8YFB p. 61, Mar 70 

RTTY monitor receiver 

K4EEU p. 27, Dec 72 

RTTY receiver-demodulator for net 
operation 

VE7BRK p. 42, Feb 73 

RTTY with SB-300 

W2ARZ p. 76, Jul 68 

Swan 350 CW monitor (HN) 

KIKXA p. 63, Jun 72 

Transceiver selectivity improved (HN) 

VE3BWD p. 74, Oct 70 

Tuner overload, eliminating (HN) 

VE3GFN p. 66, Jan 73 

Attenuators for (letter) p. 69, Jan 74 

Two-band novice superhet 

Thorpe p. 66, Aug 68 

Weather receiver, low-frequency 

W6GXN p, 36, Oct 68 

WWV receiver, fixed-tuned 

W6GXN p. 24, Nov 69 

WWV receiver, re generative 

WA5SNZ p. 42, Apr 73 

WWV receiver, simple (HN) 

WA3JBN p. 68, Jul 70 

Short circuit p. 72, Dec 70 

WWV receiver, simple (HN) 

WA3JBN p. 55, Dec 70 

WWV-WWVH, amateur applications for 

W3FQJ p. 53, Jan 72 

455-kHz bfo, transistorized 

W6BLZ, K5GXR p. 12, Jul 68 

160-meter receiver, simple 

W6FPO p. 44, Nov 70 

1.9 MHz receiver 

W3TNO p. 6, Dec 69 

7-MHz ssb receiver and transmitter, simple 
VE3GSD p. 6, Mar 74 

Short circuit p, 62, Dec 74 

28-MHz superregen receiver 

K2ZSQ p. 70, Nov 68 


vhf receivers 
and converters 


Converters for six and two meters, mosfet 

WB2EGZ p. 41, Feb 71 

Short circuit p. 96, Dec 71 

Cooled preamplifier for vhf-uhf 

WA0RDX p. 36, Jul 72 

Fet converters for 50. 144, 220 and 
432 MHz 

W6AJF p. 20, Mar 68 

Filter-preamplifiers for 50 and 144 MHz 
etched 

W5KNT p. 6, Feb 71 

Fm channel scanner 

W2FPP p. 29, Aug 71 

Fm communications receiver, modular 

K8AUH p. 32, Jun 69 

Correction p. 71, Jan 70 

Fm receiver frequency control (letter) 

W3AFN p. 65, Apr 71 

Fm receiver performance, comparison of 

VE7ABK p. 68, Aug 72 

Fm receiver, multichannel for six and two 

W1SNN p. 54, Feb 74 

Fm receiver, tunable vhf 

K8AUH p. 34, Nov 71 

Fm receiver, uhf 

WA2GCF p. 6, Nov 72 

Fm repeaters, receiving system 
degradation in 

K5ZBA p. 36, May 69 

HW-17A, perking up (HN) 

WBEGZ p. 70, Aug 70 


p. 36, May 69 
p. 70, Aug 70 
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interdigital preamplifier and comb-line 
bandpass filter for vhf and uhf 
W5KHT p. 6, Aug 70 


test and troubleshooting 

Converter, mosfet, for receiver 


Interference, scanning receiver (HN) 


instrumentation 




K2YAH 

p. 70, Sep 

72 

WA9ZMT 

p. 62, 

Jan 

71 

Monitor receivers, two-meter fm 



Receiver alignment 




WB5EMI 

p. 34, Apr 

74 

Allen 

p. 64, 

Jun 

68 

Overload problems with vhf converters, 


Rf and i-f amplifiers, troubleshooting 



solving 



Allen 

p. 60, Sep 

70 

WIOOP 

p, 53, Jan 

73 

Signal injection in ham receivers 




Receiver, modular two-meter fm 



Allen 

p. 72, 

May 68 

WA2GFB 

p. 42, Feb 

72 

Signal tracing in ham receivers 




Scanning receiver for vhf fm, improved 


Allen 

p. 52, 

Apr 

68 

WA2GCF 

p. 26, Nov 

74 

Small-signal source for 144 and 432 MHz 



Scanning receiver modifications, 



K6JC 

p. 58, 

Mar 

70 

vhf fm (HN) 







WA5WOU 

p. 60, Feb 

74 





Scanning receivers for two-meter fm 


RTTY 




K4IPV 

p. 28, Aug 

74 





Six-meter converter, improved 



AFSK generator, crystal-controlled 




K1BQT 

p. 50, Aug 

70 

K7BVT 

p- 13, 

Jul 

72 

Six-meter mosfet converter 



AFSK generator, crystal-controlled 




WB2EGZ 

p. 22, Jun 

68 

W6LLO 

p. 14, 

Dec 

73 

Short circuit 

p, 34, Aug 

68 

Sluggish oscillator (letter) 

p. 59, 

Dec 

74 

Squelch-audio amplifier for fm receivers 


AFSK oscillators, solid-state 




WB4WSU 

p. 68, Sep 

74 

WA4FGY 

p. 28, 

Oct 

68 

Ssb mini-tuner 



Audio-shift keyer, continuous-phase 



KlBQT 

p. 16, Oct 

70 

VE3CTP 

p. 10, 

Oct 

73 

Two-meter converter, 1.5 dB NF 



Short circuit 

p. 64, 

Mar 

74 

WA6SXC 

p. 14, Jul 

68 

Automatic frequency control for 




Two-meter mosfet converter 



receiving RTTY 




WB2EGZ 

p. 22, Aug 

68 

W5NPO 

p. 50, Sep 

71 

Neutralizing 

p. 77, Oct 

68 

Added note (letter) 

p. 66, 

Jan 

72 

Two-meter preamp, MM5000 



Autostart, digital RTTY 




W4KAE 

p. 49, Oct 

68 

K4EEU 

p. 6, 

Jun 

73 

Vhf converter performance, 



Autostart monitor receiver 




optimizing (HN) 



K4EED 

p. 37, 

Dec 

72 

K2FSQ 

p. 18. Jul 

68 

CRT intensifier for RTTY 




Vhf fm receiver (letter) 



K4VFA 

p. 18, 

Jul 

71 

K8IHQ 

p. 76, May 

73 

Carriage return, adding to the automatic 



Vhf receiver scanner 



line-feed generator (HN) 




K2LZG 

p. 22, Feb 

73 

K4EEU 

p. 71, 

Sep 74 

Vhf superregenerative receiver, 



Coherent frequency-shift keying, need for 



low-voltage 



K3WJQ 

p. 30, 

Jun 

74 

WA5SNZ 

p. 22, Jul 

73 

Added notes (letter) 

p. 58, 

Nov 

74 

Short circuit 

p, 64, Mar 

74 

Crystal test oscillator and signal 




50-MHz preamplifier, improved 



generator 




WA2GCF 

p. 46, Jan 

73 

K4EEU 

P- 46, 

Mar 

73 

144-MHz converter (HN) 



CW memory for RTTY identification 



K0VQY 

p. 71, Aug 

70 

W6LLO 

P- 6, 

Jan 

74 

144-MHz converter (letter) 



Electronic speed conversion for RTTY 



W0LER 

p, 71, Oct 

71 

teleprinters 




144 MHz converter, hot-carrier diode 


WA6JYJ 

p. 36, 

Dec 

71 

K8CJU 

p. 6, Oct 

69 

Frequency-shift meter, RTTY 




144-MHz converter, modular 



VK3ZNV 

p. 53, 

Jun 

70 

W6UOV 

p. 64, Oct 

70 

Line feed, automatic for RTTY 




144 MHz converters, choosing fets for (HN) 


K4EEU 

p. 20, 

Jan 

73 

K6J YO 

p. 70, Aug 

69 

Mainline ST-5 RTTY demodulator 




144-MHz preamp, super (HN) 



W6FFC 

p. 14, 

Sep 

70 

K6HCP 

p. 72, Oct 

69 

Short circuit 

P- 72, 

Dec 

70 

144-MHz preamplifier, Improved 



Mainline ST-5 autostart and antispace 



WA2GCF 

p. 25, Mar 

72 

K2YAH 

p. 46, 

Dec 

72 

Added notes 

p. 73, Jul 

72 

Mainline ST-6 RTTY demodulator 




220-MHz mosfet converter 



W6FFC 

p. 6, 

Jan 

71 


WB2EGZ p. 28, Jan 69 

Short circuit p. 76, Jul 69 

432-MHz converter, low-noise 

K6JC p. 34, Oct 70 

432-MHz fet converter, low noise 

WA6SXC p. 18, May 68 

432 MHz preamp (HN) 

W1DTY p. 66, Aug 69 

1296-MHz converter, solid-state 

VK4ZT p. 6, Nov 70 

1296-MHz preamplifier, low-noise 

WA2VTR p. 50, Jun 71 

Added note (letter) p. 65, Jan 72 

2340-MHz converter, solid-state 

K2JNG, WA2LTM, WA2VTR p. 16, Mar 72 
2304-MHz preamplifier, solid-state 

WA2VTR p. 20, Aug 72 


Short circuit p. 72, Apr 71 

Mainline ST-6 RTTY demodulator, more 
uses for (letter) 

W6FFC p. 69, Jul 71 

Mainline ST-6 RTTY demodulator, 
troubleshooting 

W6FFC p. 50, Feb 71 

Message generator, RTTY 

W60XP, W8KCQ p. 30, Feb 74 

Monitor scope, phase-shift 

W3CIX p. 36, Aug 72 

Monitor scope, RTTY, Heath 
HO-10 and SB-610 as (HN) 

K9HVW p. 70, Sep 74 

Monitor scope, RTTY, solid-state 

WB2MPZ p. 33, Oct 71 

Phase-locked loop AFSK generator 

K7ZOF p. 27, Mar 73 
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Phase-locked loop RTTY terminal unit 

W4FQM p. 8, Jan 72 

Correction p. 60, May 72 

Power supply for p. 60, Jul 74 

Precise tuning with ssb gear 

W0KD p. 40, Oct 70 

Printed circuit for RTTY speed converter 

W7POG p. 54, Oct 72 

Receiver-demodulator for RTTY net 
operation 

VE7BRK p. 42, Feb 73 

Ribbon re-inkers 

W6FFC p. 30, Jun 72 

RTTY converter, miniature 1C 

K9MRL p, 40, May 69 

Short circuit p. 80, Aug 69 

RTTY distortion: causes and cures 

WB6IMP p. 36, Sep 72 

RTTY for the blind (letter) 

VE7BRK p. 76, Aug 72 

RTTY, introduction to 

K6JFP p. 38, Jun 69 

RTTY line-length indicator (HN) 

W2UVF p. 62, Nov 73 

RTTY reception with Heath SB receivers (HN) 
K9HVW p. 64, Oct 71 

RTTY with the SB-300 

W2ARZ p. 76, Jul 68 

Signal Generator, RTTY 

W7ZTC p. 23, Mar 71 

Short circuit p. 96, Dec 71 

Speed control, electronic, for RTTY 

W3VF p. 50, Aug 74 

ST-5 keys polar relay (HN) 

W0LPD p. 72, May 74 

Swan 350 and 400 equipment on RTTY (HN) 
WB2MIC p. 67, Aug 69 

Synchrophase afsk oscillator 

W6FOO p. 30, Dec 70 

Synchrophase RTTY reception 

W6FOO p. 38, Nov 70 

Teleprinters, new look in 

W6JTT p. 38, Jul 70 

Terminal unit, phase-locked loop 

W4FQM p. 8, Jan 72 

Correction p. 60, May 72 

Terminal unit, variable-shift RTTY 

W3VF p. 16, Nov 73 

Test generator, RTTY (HN) 

W3EAG p. 67, Jan 73 

Test generator, RTTY (HN) 

W3EAG p. 59, Mar 73 

Voltage supply, precision for 

phase-locked terminal unit (HN) 

WA6TLA p. 60, Jul 74 


semiconductors 


satellites 


Amateur radio in space, bibliography 


W60LO p. 60, 

Addenda p. 77, 

Antennas, simple, for satellite 
communications 

K4GSX p, 24, 

Circularly-polarized ground-plane 

antenna for satellite communications 
K4GSX p. 28, 

Communications, first step to satellite 
K1MTA p. 52, 

Added notes (letter) p, 73, 

Oscar 7, communications techniques for 

G3ZCZ p. 6, 

Picture transmission, recording satellite 
W6CCN p. 6, 

Signal polarization, satellite 

KH6IJ p. 6, 


Aug 68 
Oct 68 


p, 24, May 74 


Dec 74 

Nov 72 
Apr 73 

Apr 74 

Nov 68 

Dec 72 


Antenna switch for meters, solid-state 

K2ZSQ p. 48, May 69 

Avalanche transistor circuits 

W4NVK p. 22, Dec 70 

Beta master, the 

K8ERV p. 18, Aug 68 

Charge flow in semiconductors 

WB6BIH p. 50, Apr 71 

Converting a vacuum-tube receiver to 
solid-state 

WIOOP p. 26, Feb 69 

Short circuit p. 76 f Jul 69 

Converting vacuum tube equipment to 
solid-state 

W2EEY p. 30, Aug 68 

Curve master, the 

K8ERV p. 40, Mar 68 

Diodes, evaluating 

W5JJ p. 52, Dec 71 

Dynamic transistor tester (HN) 

VE7ABK p. 65, Oct 71 

Fet bias problems simplified 

WA5SNZ p. 50, Mar 74 

Fet biasing 

W3FQJ p. 61, Nov 72 

Fetrons, solid-state replacements for 
tubes 

W1DTY p, 4, Aug 72 

Added notes p. 66, Oct 73; p. 62, Jun 74 
Frequency multipliers 

W6GXN p. 6, Aug 71 

Frequency multipliers, transistor 

W6AJF p. 49, Jun 70 

Glass semiconductors 

W1EZT p. 54, Jul 69 

Grid-dip oscillator, solid-state conversion of 

W6AJZ p. 20, Jun 70 

Heatsink problems, how to solve transistor 

WA5SNZ p. 46, Jan 74 

Injection lasers, high power 

Mims p. 28, Sep 71 

Injection lasers (letter) 

Mims P- 64, Apr 71 

Linear power amplifier, high-power 
solid-state 

Chambers p. 6, Aug 74 

Linear transistor amplifier 

W3FQJ p. 59, Sep 71 

Long-tail transistor biasing 

W2DXH p. 64, Apr 68 

Mobile converter, solid-state modification of 
Schuler p. 58, Sep 69 

Mosfet transistors (HN) 

WB2EGZ p. 72, Aug 69 

Motorola fets (letter) 

W1CER p. 64, Apr 71 

Motorola MPS transistors (HN) 

W2DXH p. 42, Apr 68 

Neutralizing small-signal amplifiers 

WA4WDK p, 40, Sep 70 

Parasitic oscillations in high-power 
transistor rf amplifiers 

W0KGI p. 54, Sep 70 

Pentode replacement (HN) 

W1DTY p. 70, Feb 70 

Power dissipation ratings of transistors 

WN9CGW p. 56, Jun 71 

Power fets 

W3FQJ p, 34, Apr 71 

Power transistors, parallelling (HN) 

WA5EKA p. 62, Jan 72 

Relay, transistor replaces (HN) 

W3NK p* 72, Jan 70 

Replace the unijunction transistor 

K9VXL p, 58, Apr 68 

Rf power detecting devices 

K6JYO p. 28, Jun 70 
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Rf power transistors, how to use 

WA7KRE p. 8, Jan 70 

Surplus transistors, identifying 

W2FPP p, 38, Dec 70 

Thyristors, introduction to 

WA7KRE p. 54, Oct 70 

Transconductance tester for field-effect 
transistors 

W6NBI p. 44, Sep 71 

Transistor amplifiers, tabulated 
characteristics of 

W5JJ p. 30, Mar 71 

Transistor and diode tester 

ZL2AMJ p. 65, Nov 70 

Transistors for vhf transmitters (HN) 

WIOOP p. 74, Sep 69 

Transistor storage (HN) 

K8ERV p. 58, Jun 68 

Transistor tester 

WA6NIL p. 48, Jul 68 

Transistor tester for leakage and gain 

W4BRS p. 68, May 68 

Transistor testing 

Allen p, 62, Jul 70 

Transistor-tube talk (HN) 

WA4NED p, 25, Jun 68 

Trapatt diodes (letter) 

WA7NLA p. 72, Apr 72 

Troubleshooting around fets 

Allen p. 42, Oct 68 

Troubleshooting transistor ham gear 

Allen p. 64, Jul 68 

Vfo transistors (HN) 

WIOOP p. 74, Nov 69 

Y parameters in rf design, using 

WA0TCU p. 46, Jul 72 

Zener diodes (HN) 

K3DPJ p. 79, Aug 68 

Zener tester, Low voltage (HN) 

K3DPJ p. 72, Nov 69 


single sideband 

Balanced modulator, integrated-circuit 

K7QWR p. 6, Sep 70 

Balanced modulators, dual fet 

W3FQJ p. 63, Oct 71 

Communications receiver, phasing-type 

WA0JYK p. 6, Aug 73 

Converting a-m power amplifiers to 
ssb service 

WA4GNW p. 55, Sep 68 

Converting the Swan 120 to two meters 

K6RIL p. 8, May 68 

Detectors, ssb 

Belt p. 22, Nov 68 

Detector, ssb, 1C (HN) 

K40DS p, 67, Dec 72 

Correction p. 72, Apr 73 

Double-balanced mixers 

W1DTY p. 48, Mar 68 

Double-balanced modulator, broadband 

WA6NCT p. 8, Mar 70 

Filters, single-sideband 

Belt p. 40, Aug 68 

Filters, ssb (HN) 

K6KA p. 63, Nov 73 

Frequency dividers for ssb 

W7BZ p. 24, Dec 71 

Frequency translation in ssb 
transmitters 

Belt p. 22, Sep 68 

Generating ssb signals with 
suppressed carriers 

Belt p. 24, May 68 

Guide to single sideband, a 
beginner's 

Belt p. 66, Mar 68 

Hang age circuit for ssb and CW 

W1ERJ p. 50, Sep 72 


Intermittent voice operation of power tubes 
W6SAI p. 24, Jan 71 

Interiftodulation-distortion measurements 
on ssb transmitters 

W6VFR p. 34, Sep 74 

Linear amplifier, five-band conduction- 
cooled 

W9KIT p. 6, Jul 72 

Linear amplifier, five-band kilowatt 

W40Q p. 14, Jan 74 

Improved operation (letter) p. 59, Dec 74 

Linear amplifier, homebrew five band 

W7IV p. 30, Mar 70 

Linear amplifier performance, improving 

W4PSJ p. 68, Oct 71 

Linear, five-band hf 

W7DI p. 6 f Mar 72 

Linear for 80-10 meters, high-power 

W6HHN p. 56, Apr 71 

Short circuit p. 96, Dec 71 

Linear power amplifiers 

Belt p. 16, Apr 68 

Linears, three bands with two (HN) 

W4NJF p. 70, Nov 69 

Minituner, ssb 

K1BQT p. 16, Oct 70 

Modifying the Heath SB-200 amplifier 
for the new 8873 zero-bias triode 
W6UOV p. 32, Jan 71 

Oscillators, ssb 

Belt p. 26, Jun 68 

Peak envelope power, how to measure 

WSJJ p. 32, Nov 74 

Phase-shift networks, design criteria for 

G3NRW p, 34, Jun 70 

Phase-shift ssb generators 

Belt p. 20, Jul 68 

Power supplies for ssb 

Belt p, 38, Feb 69 

Precise tuning with ssb gear 

W0KD p. 40, Oct 70 

Pre-emphasis for ssb transmitters 

OH2CD p. 38, Feb 72 

Rating tubes for linear amplifier service 

W6UOV, W6SAI p. 50, Mar 71 

Rf clipper for the Collins S-line 

K6JYO p, 18, Aug 71 

Letter p. 68, Dec 71 

Rf speech processor, ssb 

W2MB p. 18, Sep 73 

Sideband location (HN) 

K6KA p, 62, Aug 73 

Solid-state circuits for ssb 

Belt p. 18, Jan 69 

Solid-state transmitting converter for 
144-MHz ssb 

W6NBI p. 6, Feb 74 

Short circuit p. 62, Dec 74 

Speech clipper, 1C 

K6HTM p. 18, Feb 73 

Added notes (letter) p. 64, Oct 73 

Speech clipper, rf, construction 

G6XN p. 12, Dec 72 

Speech clippers, rf, performance of 

G6XN p. 26, Nov 72 

Added notes p. 58, Aug 73; p. 72, Sep 74 

Speech clipping 

K6KA p. 24, Apr 69 

Speech clipping in single-sideband 
equipment 

K1YZW p. 22, Feb 71 

Speech processing 

W1DTY p. 60, Jun 68 

Speech processor for ssb 

K6PHT p, 22, Apr 70 

Speech process, logarithmic 

WA3FIY p, 38, Jan 70 

Speech processor, ssb 

VK9GN p. 31, Dec 71 

Ssb exciter, 5-band 

K1UKX p. 10, Mar 68 
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Ssb generator, phasing-type 

W7CMJ p. 22, Apr 73 

Added comments (letter) p. 65, Nov 73 

Ssb generator, 9-MHz 

W9KIT p. 6, Dec 70 

Switching and linear amplification 

W3FQJ p. 61, Oct 71 

Transceiver, miniature 7-MHz 

W7BBX p. 16, Jul 74 

Transceiver, single-band ssb 

W1DTY p. 8, Jun 69 

Transceiver, ssb, 1C 

G3ZVC p. 34, Aug 74 

Transceiver, ssb, using LM373 1C 

W5BAA p. 32, Nov 73 

Transceiver, 3.5-MHz ssb 

VE6ABX p. 6, Mar 73 

Transmitter alignment 

Allen p. 62, Oct 69 

Transmitter and receiver for 40 meters, ssb 
VE3GSD p. 6, Mar 74 

Short circuit p. 62, Dec 74 

Transmitting mixers, 6 and 2 meters 

K2ISP p. 8, Apr 69 

Transverter, 6-meter 

K8DOC, K8TVP p. 44, Dec 68 

Trapezoidal monitor scope 

VE3CUS p. 22, Dec 69 

Tuning up ssb transmitters 

Allen p. 62, Nov 69 

TV sweep tubes in linear service, 
full-blast operation of 

W6SAI, W6UOV p. 9, Apr 68 

Two-tone oscillator for ssb testing 

W6GXN p. 11, Apr 72 

Vacuum tubes, using odd-ball types in 
linear amplifier service 

W5JJ p. 58, Sep 72 

Vhf, uhf transverter, input source for (HN) 

F8MK p. 69, Sep 70 

Vox and mox systems for ssb 

Belt p. 24, Oct 68 

Vox, versatile 

W9KIT p. 50, Jul 71 

Short circuit p. 96, Dec 71 

3-500Z in amateur service, the 

W6SAI p. 56, Mar 68 

144-MHz linear, 2kW 

W6UOV, W6ZO, K6DC p, 26, Apr 70 

144-MHz low-drive kilowatt linear 

W6HHN p, 26, Jul 70 

144-MHz transverter, the TR-144 

K1RAK p. 24, Feb 72 

432 MHz rf power amplifier 

K6JC p. 40, Apr 70 

432-MHz ssb converter 

K6JC p. 48, Jan 70 

Short circuit p, 79, Jun 70 

432-MHz ssb, practical approach to 

WA2FSQ p. 6, Jun 71 

1296-MHz ssb transceiver 

WA6UAM p, 8, Sep 74 


Television DX 
WA9RAQ 

Test generator, sstv 
K4EEU 


p. 30, Aug 73 
p, 6, Jul 73 


television 


p, 38, Apr 69 


Camera and monitor, sstv 
VE3EGO, Watson 
Color tv, slow-scan 

W4UMF, WB8DQT p. 59, Dec 69 

Computer, processing, sstv pictures 

W4UMF p. 30, Jul 70 

Fast-scan camera converter for sstv 

WA9UHV p. 22, Jul 74 

Fast- to slow-scan conversion, tv 

W3EFG, W3YZC p. 32, Jul 71 

Slow-scan television 

WA2EMC p. 52, Dec 69 

Synch generator, sstv (letter) 

W1IA p. 73, Apr 73 


transmitters and 
power amplifiers 

general 

Amplitude modulation, a different approach 
WA5SNZ p. 50, Feb 70 

Batteries, how to select for portable 
equipment 

WA0AIK p. 40, Aug 73 

Blower maintenance (HN) 

W6NIF p. 71, Feb 71 

Blower-to-chassis adapter (HN) 

K6JYO p. 73, Feb 71 

Converting a-m power amplifiers to 
ssb service 

WA4GNW p. 55, Sep 68 

Efficiency of linear power amplifiers, 
how to compare 

W5JJ p, 64, Jul 73 

Fail-safe timer, transmitter (HN) 

K9HVW p, 72, Oct 74 

Filters, ssb (HN) 

K6KA p. 63, Nov 73 

Frequency multipliers 

W6GXN p. 6, Aug 71 

Frequency translation in ssb 
Transmitters 

Belt p. 22, Sep 68 

Grid-current measurement in 
grounded-grid amplifiers 

W6SAI p. 64, Aug 68 

Intermittent voice operation of power 
tubes 

W6SAI p. 24, Jan 71 

Key and vox clicks (HN) 

K6KA p. 74, Aug 72 

Linear power amplifiers 

Belt p. 16, Apr 68 

Lowpass filters for solid-state linear amplifiers 
WA0JYK p. 38, Mar 74 

Short circuit p. 62, Dec 74 

Multiple tubes in parallel grounding grid (HN) 
W7CSD p. 60, Aug 71 

Networks, transmitter matching 

W6FFC p. 6, Jan 73 

Neutralizing tip (HN) 

ZE6JP p. 69, Dec 72 

Parasitic oscillations in high-power 
transistor rf amplifiers 

W0KGI p. 54, Sep 70 

Parasitic suppressor (HN) 

WA9JMY p. 80, Apr 70 

Pi and Pi-L networks 

W6SA1 p. 36. Nov 68 

Pi network design aid 

W6NIF p. 62, May 74 

Correction (letter) p. 58, Dec 74 

Pi-network design, high-frequency 
power amplifier 

W6FFC p. 6, Sep 72 

Pi-network inductors (letter) 

W7IV p, 78, Dec 72 

Pi networks, series tuned 

W2EGH p. 42, Oct 71 

Power attenuator, all-band 10-dB 

K1CCL p. 68, Apr 70 

Power fets 

W3FQJ p. 34, Apr 71 

Pre-emphasis for ssb transmitters 

OH2CD p. 38, Feb 72 

Relay activator (HN) 

K6KA p. 62, Sep 71 
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Rf power amplifiers, high-efficiency 

WB8LQK P- 8, Oct 74 

Rf power transistors, how to use 

WA7KRE p. 8, Jan 70 

Screen clamp, solid-state 

W0LRW p. 44, Sep 68 

Step-start circuit, high-voltage (HN) 

W6VFR p. 64, Sep 71 

Swr alarm circuits 

W2EEY p. 73, Apr 70 

Temperature alarms for high-power amplifiers 
W2EEY p. 48, Jul 70 

Transmitter power levels, some 
observations regarding 

WA5SNZ p, 62, Apr 71 

Transmitter, remote keying (HN) 

WA3HDU p. 74, Oct 63 

Transmitter switching, solid-state 

W2EEY p< 44, Jun 68 

Transmitter-tuning unit for the blind 

W9NTP p. 60, Jun 71 

TV sweep tubes in linear service, 
full-blast operation of 

W6SAI, W6UOV p. 9, Apr 68 

Vacuum tubes, using odd-ball types in 
linear amplifiers 

W5JJ p. 58, Sep 72 

Vfo, digital readout 

WB8IFM p. 14, Jan 73 

high-frequency 

ART-13, Modifying for noiseless CW (HN) 

K5GKN p- 68, Aug 69 

CW transceiver for 40 and 80 meters 

W3NNL, K30I0 P- 14, Jul 69 

CW transceiver, low-power 20-meter 

W7ZOI p. 8, Nov 74 

CW transmitter, half-watt 

K0VQY p. 69, Nov 69 

Driver and final for 40 and 80 meters, 
solid-state 

W3QBO p. 20, Feb 72 

Field effect transistor transmitters 

K2BLA p. 30, Feb 71 

Filters, low-pass for 10 and 15 meters 

W2EEY p, 42, Jan 72 

Frequency synthesizer, high frequency 

K2BLA p. 16, Oct 72 

Grounded-grid 2 kW PEP amplifier, 
high frequency 

W6SAI p. 6, Feb 69 

Heath HW-101 transceiver, using with 
a separate receiver (HN) 

WA1MKP p. 63, Oct 73 

Linear amplifier, five-band 

W71V p. 30, Mar 70 

Linear amplifier, five-band conduction- 
cooled 

W9KIT p. 6, Jul 72 

Linear amplifier performance, improving 

W4PSJ p. 68, Oct 71 

Linear, five-band hf 

W7DI p. 6, Mar 72 

Linear, five-band kilowatt 

W40Q p. 14, Jan 74 

Improved operation (letter) p. 59, Dec 74 

Linear for 80-10 meters, high-power 

W6HHN p. 56, Apr 71 

Short circuit P- 96, Dec 71 

Linear power amplifier, high-power 
solid-state 

Chambers p. 6 , Aug 74 

Linears, three bands with two (HN) 

W4NJF p. 70, Nov 69 

Low-frequency transmitter, solid- 
state 

W4KAE p. 16, Nov 68 

Modifying the Heath SB-200 amplifier for 
the new 8873 zero-bias triode 
W6UOV p. 32, Jan 71 


Phase-locked loop, 28 MHz 

W1KNI p. 40, Jan 73 

Ssb exciter, 5-band 

K1UKX p. 10, Mar 68 

Ssb transceiver, miniature 7-MHz 

W7BBX p. 16, Jul 74 

Ssb transceiver using LM373 1C 

W5BAA p. 32, Nov 73 

Ssb transceiver, 9-MHz, 1C 

G3ZVC p, 34, Aug 74 

Ssb transmitter and receiver, 40 meters 

VE3GSD p. 6, Mar 74 

Short circuit p. 62, Dec 74 

Tank circuit, inductively-tuned high-frequency 
W6SAI p. 6, Jul 70 

Transceiver, single-band ssb 

W1DTY p, 8, Jun 69 

Transceiver, 3.5*MHz ssb 

VE6ABX p. 6, Mar 73 

Transmitter, low-power 

W6NIF p. 26, Dec 70 

Transmitters, QRP 

W70E p. 36, Dec 68 

Transmitter, universal flea-power 

K2ZSQ p. 58, Apr 69 

Transverter, high-level hf 

K4ERO p. 68, Jul 68 

3-500Z in amateur service, the 

W6SAI p. 56, Mar 68 

14-MHz vfo transmitter, solid-state 

W3QBO p. 6, Nov 73 

28-MHz transmitter, solid-state 

K2ZSQ p. 10, Jul 68 

40-meters, transistor rjg for 

W6BLZ, K5GXR p. 44, Jul 68 


vhf and uhf 


Converting the Swan 120 to two meters 

K6RIL p. 8, May 68 

Fm repeater transmitter, improving 

W6GDO p. 24, Oct 69 

Linear for 2 meters 

W4KAE p. 47, Jan 69 

Linear for 1296 MHz, high-power 

WB6IOM p. 8, Aug 68 

Phase-locked loop, 50 MHz 

W1KNI p. 40, Jan 73 

Transistors for vhf transmitters (HN) 

WIOOP p. 74, Sep 69 

Transmitter, flea power 

K2ZSQ p. 80, Dec 68 

Transmitting mixers for 6 and 2 meters 

K2ISP p. 8, Apr 69 

Transverter for 6 meters 

WA9IGU p. 44, Jul 69 

Tunnel diode phone rig, 6-meter (HN) 

K2ZSQ p. 74, Jul 68 

Vhf linear, 2kW, design data for 

W6UOV p. 6, Mar 69 

50-MHz linear amplifier 

K1RAK p. 38, Nov 71 

50-MHz linear amplifier, 2-kW 

K6UOV p. 16, Feb 71 

50-MHz transmitter, solid-state 

WB2EGZ p. 6, Oct 68 

50-MHz transverter 

K1RAK p. 12, Mar 71 

50/144-MHz multimode transmitter 

K2ISP p. 28, Sep 70 

144-MHz fm transmitter 

W9SEK p. 6, Apr 72 

144-MHz fm transmitter, solid-state 

W6AJF p, 14, Jul 71 

144-MHz fm transmitter, Sonobaby 

WA0UZO p. 8, Oct 71 

Short circuit p. 96, Dec 71 

144-MHz low-drive kilowatt linear 

W6HHN p. 26, Jul 70 

144-MHz low-power solid-state transmitter 

K0VQY p. 52, Mar 70 
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144-MHz phase-modulated transmitter 

W6AJF p. 18. Feb 70 

144-MHz power amplifier, high performance 
W6UOV p. 22, Aug 71 

144-MHz power amplifier, 10-watt solid-state 
W1DTY p. 67, Jan 74 

144-MHz rf power amplifiers, solid state 

W4CGC p. 6, Apr 73 

144-MHz transmitting converter, solid-state ssb 


W6NBI 

p. 6, 

Feb 

74 

Short circuit 

p. 62, 

Dec 

74 

144-MHz transceiver, a-m 

K1AOB 

p. 55. 

Dec 

71 

144-MHz two-kilowatt linear 
W6UOV, W6ZO, K6DC 

p. 26, 

Apr 

70 

144- and 432- stripline amplifier/tripler 
K2RIW p. 6, 

Feb 

70 

220-MHz exciter 

WB6DJV 

p. 50, 

Nov 

71 

220-MHz power amplifier 

W6UOV 

p, 44, 

Dec 

71 

220-MHz, rf power amplifier for 
WB6DJV 

p. 44, 

Jan 

71 

220-MHz rf power amplifier, vhf fm 

K7JUE p. 6, 

Sep 

73 

432-MHz amplifier, 2-kW 

W6DAI, W6NLZ 

p. 6, 

Sep 

68 

432-MHz exciter, solid-state 
WIOOP 

p. 38, 

Oct 

69 

432-MHz rf power amplifier 

K6JC 

p. 40, 

Apr 

70 

432-MHz ssb converter 

K6JC 

p- 48, 

Jan 

70 

Short circuit 

p. 79, 

Jun 

70 

1296-MHz frequency tripler 
K4SUM, W4API 

p. 40, 

Sep 

69 

1296 MHz power amplifier 
W2COH, W2CCY, W20J, 

W1MU 

p. 43, 

Mar 

70 


test and troubleshooting 

Aligning vhf transmitters 


Allen 

p, 58, Sep 

68 

Ssb transmitter alignment 
Allen 

p. 62, Oct 

69 

Transverter, 6-meter 

K8DOC, K8TVP 

p. 44, Dec 

68 

Tuning up ssb transmitters 
Allen 

p. 62, Nov 

69 


troubleshooting 

Analyzing wrong dc voltages 

Allen p. 54, Feb 69 

Mobile power supplies, troubleshooting 

Allen p. 56, Jun 70 

Ohmmeter troubleshooting 

Allen p* 52, Jan 69 

Oscillators, repairing 

Allen p. 69, Mar 70 

Oscilloscope, putting to work 

Allen p. 64, Sep 69 

Oscilloscope, troubleshooting amateur 
gear with 

Allen p. 52, Aug 69 

Rf and i-f amplifiers, troubleshooting 

Allen p. 60, Sep 70 

Speech amplifiers, curing distortion 

Allen p. 42, Aug 70 

Ssb transmitter alignment 

Allen p. 62, Oct 69 

Sweep generator, how to use 

Allen p. 60, Apr 70 

Transistor testing 

Allen p, 62, Jul 70 

Tuning up ssb transmitters 

Allen p. 62, Nov 69 


vhf and microwave 

general 


Amateur vhf fm operation 

W6AYZ 

p. 36, Jun 68 

Artificial radio aurora, vhf 
scattering characteristics 
WB6KAP 

p. 18, Nov 74 

A-m modulation monitor (HN) 
K7UNL 

p. 67, Jul 71 

APX-6 transponder, notes On 
W60SA 

p. 32, Apr 68 

Band change from six to two meters, quick 

K0YQY 

p. 64, Feb 70 

Bandpass filters, single-pole 
W6HPH 

p. 51, Sep 69 

Bandpass filters, 25 to 2500 MHz 
K6RIL 

p. 46, Sep 69 

Bypassing, rf, at vhf 

WB6BHI 

p. 50, Jan 72 

Cavity filter, 144-MHz 

W1SNN 

p. 22, Dec 73 

Short circuit 

p. 64, Mar 74 

Coaxial filter, vhf 

W6SAI 

p. 36, Aug 71 

Coaxial-line resonators (HN) 
WA7KRE 

p. 82, Apr 70 

Coil-winding data, practical vhf and uhf 

K3SVC 

p. 6, Apr 71 

Crystal mount, untuned 

W1DTY 

p. 68, Jun 68 

Effective radiated power (HN) 
VE7CB 

p. 72, May 73 

Frequency multipliers 

W6GXN 

p. 6, Aug 71 

Frequency multipliers, transistor 
W6AJF 

p. 49, Jun 70 

Frequency synchronization for 
scatter-mode propagation 
K20VS 

p. 26, Sep 71 

Frequency synthesizer, 220 MHz 
W6GXN 

p, 8, Dec 74 

Gridded tubes, vhf/uhf effects in 
W6U0V 

p. 8, Jan 69 

Harmonic generator (HN) 

W5GDQ 

p, 76, Oct 70 

Impedance bridge (HN) 

W6KZK 

p. 67, Feb 70 

Indicator, sensitive rf 

WB9DNI 

p. 38, Apr 73 

Klystron cooler, waveguide (HN) 
WA4WDL 

p, 74, Oct 74 

Lunar-path nomograph 

WA6NCT 

p. 28, Oct 70 

Microwave communications, amateur 

standards for 

K6HIJ 

p. 54, Sep 69 

Microwave hybrids and couplers for amateur use 

W2CTK 

p. 57, Jul 70 

Short circuit 

p. 72, Dec 70 

Microwaves, getting started in 
Roubal 

p. 53, Jun 72 

Microwaves, introduction to 
W1CBY 

p< 20, Jan 72 

Moonbounce to Australia 

W1DTY 

p. 85, Apr 68 

Noise figure, meaning of 

K6MIO 

p. 26, Mar 69 

Noise figure measurements, vhf 
WB6NMT 

p. 36, Jun 72 

Noise generators, using (HN) 
K2ZSQ 

p. 79, Aug 68 

Phase-locked loop, tunable 50 MHz 

W1KNI 

p, 40, Jan 73 

Power dividers and hybrids 

W1DAX 

p. 30, Aug 72 

Proportional temperature control for crystal 

ovens 

VE5FP 

p. 44, Jan 70 
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Radio observatory, vhf 





50-MHz mobile antenna (HN) 





Ham 

P- 

44, 

Jul 

74 

W4PSJ 

P- 

77, 

Oct 

70 

Reflex klystrons, pogo stick for (HN) 




144-MHz antenna, % wave vertical 




W6BPK 

P* 

71, 

Jul 

73 

K6KLO 

P 

. 40, Jul 

74 

Rf power-detecting devices 





144-MHz antenna, 5 / g *wave vertical, 




K6JYO 

P- 

28, 

Jun 

70 

build from CB mobile whips 





Satellite communications 




WB4WSU 

P- 

67, 

Jun 

74 

K1TMA 

P- 

52, 

Nov 

72 

144-MHz antennas, simple 





Added notes (letter) 

P- 

73, 

Apr 

73 

WA3NFW 

P- 

30, 

May 

73 

Satellite signal polarization 





144-MHz antenna switch, solid-state 




KH6IJ 

P 

■ 6, 

Dec 

72 

K2ZSQ 

P* 

48, 

May 

69 

Solar cycle 20, vhfer's view of 





144-MHz collinear antenna 





WA5IYX 

P- 

46, 

Dec 

74 

W6RJO 

P- 

12, 

May 72 

Tank circuits, design of vhf 





144-MHz four-element collinear 

array 




K7UNL 

P« 

56, 

Nov 

70 

WB6KGF 

P 

* 6, 

May 71 

Uhf hardware (HN) 





144-MHz ground plane antenna, 

0.7 




W6CMQ 

P- 

76, 

Oct 

70 

wavelength 





Vfo, high-stability vhf 





W3WZA 

P- 

40, 

Mar 

69 

0H2CD 

P- 

27, 

Jan 

72 

144-MHz moonbounce antenna 





Vhf beacons 





K6HCP 

P- 

52, 

May 

70 

K6EDX 

P* 

52, 

Oct 

69 

144-MHz whip, 5/8-wave (HN) 





Vhf beacons 





VE3DDD 

P- 

70, 

Apr 

73 

W3FQJ 

P- 

66, 

Dec 

71 

432-MHz corner reflector antenna 




Vhf pre-scaler, circuit improvements for 



WA2FSQ 

P- 

24, 

Nov 

71 

W6PBC 

P- 

30, 

Oct 

73 

432- and 1296-MHz quad-yagi arrays 




50-MHz frequency synthesizer 





W3AED 

P- 

20, 

May 

73 

W1KNI 

P- 

26, 

Mar 

74 

Short circuit 

P- 

58, 

Dec 

73 

144-MHz fm frequency meter 





440-MHz collinear antenna, four-element 



W4JAZ 

P- 

40, 

Jan 

71 

WA6HTP 

P- 

38, 

May 73 

Short circuit 

P- 

72, 

Apr 

71 

1296-MHz Yagi 





144-MHz frequency synthesizer 





W2CQH 

P- 

24, 

May 72 

WB4FPK 

P- 

34, 

Jul 

73 







144 MHz frequency-synthesizer, one- 
crystal 

W0KMV p. 30, Sep 73 

220-MHz frequency synthesizer 

W6GXN p, 8, Dec 74 

432*MHz ssb, practical approach to 

WA2FSQ p. 6, Jun 71 

40-GHz record 

K7PMY p. 70, Dec 68 


receivers and converters 

Cooled preamplifier for vhf-uhf reception 

WA0RDX p. 36, Jul 72 

Fet converters for 50, 144, 220 and 
432 MHz 

W6AJF p. 20, Mar 68 

Interdigital preamplifier and comb-line 
bandpass filter for vhf and uhf 


antennas 

Circularly-polarized ground-plane 

antenna for satellite communications 


K4GSX 

p. 28, Dec 

74 

Ground plane, portable vhf (HN) 
K9DHD 

p. 71, May 

73 

Log-periodic yagi beam antenna 
K6RIL, W6SAI 

p. 8, Jul 

69 

Microstrip swr bridge, vhf and uhf 


W4CGC 

p. 22, Dec 

72 

Microwave antenna, low-cost 
K6HIJ 

p. 52, Nov 

69 

Parabolic reflector antennas 
VK3ATN 

p. 12, May 

74 

Parabolic reflector, 16-foot homebrew 


WB6IOM 

p. 8, Aug 

69 

Parabolic reflectors, finding 
focal length of (HN) 

WA4WDL 

p. 57, Mar 

74 

Swr meter 

W6VSV 

p. 6, Oct 

70 

Transmission lines, uhf 

WA2VTR 

p. 36, May 

71 

Two-meter antenna, simple (HN) 
W6BLZ 

p. 78, Aug 

68 

Two-meter mobile antennas 
W6BLZ 

p. 76, May 

68 

Vhf antenna switching without relays (HN) 


K2ZSQ 

p. 77, Sep 

68 

50-MHz antenna coupler 

K1RAK 

p, 44, Jul 

71 

50-MHz collinear beam 

K4ERO 

p. 59, Nov 

69 

50-MHz cubical quad, economy 
W6DOR 

p. 50, Apr 

69 

50-MHz J-pole antenna 

K4SDY 

p. 48, Aug 

68 


W6KHT p. 6, Aug 70 

Overload problems with vhf converters, 
solving 

WIOOP p. 53, Jan 73 

Receiver scanner, vhf 

K2LZG p. 22, Feb 73 

Receiver, superregenerative, for vhf 

WA5SNZ p. 22, Jul 73 

Signal detection and communication 
in the presence of white noise 
WB6IOM p. 16, Feb 69 

Signal generator for two and six meters 

WA80IK p. 54, Nov 69 

Six-meter mosfet converter 
WB2EGZ 
Short circuit 

Two-meter converter, 1.5-dB NF 
WA6SXC 

Two-meter preamp, MM5000 
W4KAE 

Vhf converter performance, 
optimizing (HN) 

K2ZSQ 

Weak-signal source, stable, variable output 

K6JYO p. 36, Sep 71 

50-MHz deluxe mosfet converter 

WB2EGZ p. 41, Feb 71 

50-MHz etched-inductance bandpass filters 
and filter-preamplifiers 

W5KHT p. 6, Feb 71 

50-MHz preamplifier, improved 

WA2GCF p. 46, Jan 73 

144-MHz converter (HN) 

K0VQY p. 71, Aug 70 

144-MHz converters, choosing fets (HN) 

K6JYO p, 70, Aug 69 

144-MHz deluxe mosfet converter 

WB2EGZ p, 41, Feb 71 

Short circuit p. 96, Dec 71 

Letter, W0LER p. 71, Oct 71 


p. 22, Jun 68 
p, 34, Aug 68 

p, 14, Jul 68 

p. 49, Oct 68 

p. 18, Jul 68 
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144-MHz etched-inductance bandpass 



50-MHz linear amplifier 


filters and filter-preamplifiers 




W1RAK 

p. 38, Nov 71 

W5KHT 

P. 6, 

Feb 

71 

50-MHz transverter 


144-MHz fm receiver 




WA9IGU 

p. 44, Jul 69 

W9SEK 

P- 22, 

Sep 

70 

50/144-MHz heterodyne transmitting mixers 

144-MHz fm receiver 




K2ISP 

p* 8, Apr 69 

WA2GBF 

P- 42, 

Feb 

72 

Correction 

p. 76, Sep 70 

Added notes 

P- 73. 

Jul 

72 

50/144-MHz multimode transmitter 

144-MHz fm receiver 




K2ISP 

p. 28, Sep 70 

WA2GCF 

P. 6, 

Nov 

72 

144-MHz fm transceiver, compact 


144-MHz preamplifier, improved 




W6AOI 

p. 36, Jan 74 

WA2GCF 

P- 25, 

Mar 

72 

144-MHz fm transmitter 


144-MHz preamplifier, low noise 




W6AJF 

p. 14, Jul 71 

W8BBB 

p. 36, 

Jun 

74 

144-MHz fm transmitter 


144-MHz preamp, super (HN) 




W9SEK 

p. 6, Apr 72 

K6HCP 

P. 72, 

Oct 

69 

144-MHz fm transmitter, Sonobaby 

144- and 432-MHz small-signal source 



WA0U2O 

p. 8, Oct 72 

K6JC 

p. 58, 

Mar 

70 

Crystal deck for Sonobaby 

p. 26, Oct 72 

220-MHz mosfet converter 




144-MHz linear 


WB2EG2 

p. 28, 

Jan 

69 

W4KAE 

p, 47, Jan 69 

Short circuit 

p. 76, 

, Jul 

69 

144-MHz linear, 2kW, design data for 

432-MHz converter, low-noise 




W6UOV 

p. 7, Mar 69 

K6JC 

p. 34, 

Oct 

70 

144-MHz low-drive kilowatt linear 


432 MHz fet converter, low-noise 




W6HHN 

p, 26, Jul 70 

WA6SXC 

P- 18, 

May 

68 

144-MHz phase-modulated transmitter 

432-MHz fet preamp (HN) 




W6AJF 

p, 18, Feb 70 

W1DTY 

p. 66, 

Aug 

69 

144-MHz power amplifier, high 


432- and 1296-MHz signal source 




performance 


K6RIL 

P- 20, 

Sep 

68 

W6UOV 

p. 22, Aug 71 

1296-MHz converter, solid state 




144-MHz power amplifiers, fm 


VK42T 

P- 6, 

Nov 

70 

W4CGC 

p. 6, Apr 73 

1296-MHz noise generator 




144-MHz power amplifier, 10-watt 


W3BSV 

p. 46, 

Aug 

73 

solid state (HN) 


1296-MHz preamplifier, low-noise 




W1DTY 

p. 67, Jan 74 

transistor 




144-MHz power amplifier, 80-watt, 

solid-state 

WA2VTR 

P- 50, 

Jun 

71 

Hatchett 

p. 6, Dec 73 

Added note (letter) 

p. 65, 

Jan 

72 

144-MHz transceiver, a-m 


1296-MHz ssb transceiver 




K1AOB 

p. 55, Dec 71 

WA6UAM 

p. 8, 

Sep 

74 

144-MHz transmitting converter, solid-state ssb 

2304-MHz converter, solid-state 




W6NBI 

p. 6, Feb 74 

K2JNG, WA2LTM, WA2VTR 

p. 16, 

Mar 

72 

Short circuit 

p. 62, Dec 74 

2304-MHz preamplifier, solid-state 




144-MHz transverter 


WA2VTR 

p. 20, Aug 

72 

K1RAK 

p. 24, Feb 72 

2304-MHz preamplifiers, narrow-band 



144-MHz two-kilowatt linear 


solid-state 




W6UOV, W6ZO, K6DC 

p. 26, Apr 70 

WA9HUV 

p. 6, 

Jul 

74 

144- and 432-MHz stripline amplifier/tripler 





K2RIW 

p. 6, Feb 70 





220-MHz exciter 


transmitters 




WB6DJV 

p. 50, Nov 71 





220-MHz power amplifier 


Aligning vhf transmitters 




W6UOV 

p. 44, Dec 71 

Allen 

p. 58, 

Sep 

68 

220-MHz rf power amplifier 


Converting the Swan 120 to two meters 



WB6DJV 

p. 44, Jan 71 

K6RIL 

p. 8, 

May 

68 

220-MHz rf power amplifier, fm 


External anode tetrodes 




K7JUE 

p. 6, Sep 73 

W6SAI 

p. 23, 

Jun 

69 

432-MHz amplifier, 2-kW 


Lighthouse tubes for uhf 




W6SAI, W6NLZ 

p. 6, Sep 68 

W6UOV 

p. 27, 

Jun 

69 

432-MHz exciter, solid-state 


Pi networks, series-tuned 




WIOOP 

p, 38, Oct 69 

W2EGH 

P- 42, 

Oct 

71 

432-MHz rf power amplifier 


Six-meter transmitter, solid-state 




K6JC 

p. 40, Apr 70 

WB2EG2 

p. 6, 

Oct 

68 

432-MHz ssb converter 


Six-meter transverter 




K6JC 

p. 48, Jan 70 

K8DOC, K8TVP 

p. 44, 

Dec 

68 

Short circuit 

p. 79, Jun 70 

Six-meter tunnel diode phone rig (HN) 



432-MHz ssb, practical approach 


K22SQ 

p. 74, 

Jul 

68 

WA2FSQ 

p. 6, Jun 71 

Ssb input source for vhf, uhf transverters (HN) 

432-MHz stripline tripler 


F8MK 

p. 69, 

Sep 

70 

K2RIW 

p. 6, Feb 70 

Transistors for vhf transmitters (HN) 



1296-MHz frequency tripler 


WIOOP 

p. 74, 

Sep 

69 

K4SUM, W4API 

p. 40, Sep 69 

Vhf linear, 2 kW, design data for 




1296-MHz linear, high-power 


W6UOV 

p. 7. 

Mar 

69 

WB6IOM 

p. 6, Aug 68 

2C39, water cooling 




Short circuit 

p. 54, Nov 68 

K6MYC 

p. 30, 

Jun 

69 

1296-MHz power amplifier 


50-MHz customized transverter 




W2COH, W2CCY, W20J, 


K1RAK 

P- 12, 

Mar 

71 

W1IMU 

p, 43, Mar 70 

50-MHz 2 kW linear amplifier 




1296-MHz ssb transceiver 


W6UOV 

p. 16, 

Feb 

71 

WA6UAM 

p, 8, Sep 74 
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